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PREFACE 


THE present book has been written in the hope that it may 
provide a guide to those who wish to learn the principles 
and practice of a method of treatment which has conclusively 
proved its value in medicine and surgery during the ten years 
in which it has been used in this country. In describing the 
action of diathermy on excised tissue and the living subject, 
its method of application and its therapeutic properties, I 
have been guided mainly by my own experience and 
investigation. | 

In the part dealing with the uses of diathermy in surgery, 
I have described cases which have been under the care of 
colleagues at St. Bartholomew’s Hospital. In these I have 
either controlled the apparatus or undertaken the treatment 
at their request, and I am much indebted to them for 
permission to publish the results. Acknowledgment is made 
in the respective cases. 

The present occasion is opportune for paying a tribute 
to the memory of the late Dr. Lewis Jones, who introduced 
diathermy into this country. To his untiring labour, the 


_ development of electrotherapeutics in England, and its 


advance along scientific lines, are mainly due. I may also 
be allowed to mention the name of the surgeon in charge of 
the Department of Laryngology at St. Bartholomew’s 
Hospital, Mr. Douglas Harmer, who was the first in this 
country to recognise the value of diathermy in surgery and 
adopt it for treatment, His work has aided, in no small 
degree, the advance of surgical diathermy in this country. 
The nucleus of the present work was commenced in 1914, 
in the form of a series of articles contributed to the 
“Archives of the Roentgen Ray” (‘‘ Archives of Radiology 
and Electrotherapy ”). The late war and the fulfilment of 
additional duties hindered their completion, while the 
acquisition of new knowledge and further experience delayed 
the publication of the complete work to the present date. 
E, P. CUMBERBATCH. 


Upper Wimpole Street, 
January, ¥921. 
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CHAPTER I 


INTRODUCTION 


a THE term diathermy, which means through-heating, was 


‘introduced to describe the physical effect of passing 


an electric current of special kind through the body. 


This current generates heat along its path, so that, 
when it traverses the body, not only the skin but the 
underlying parts are heated. The tissues are there- 
fore heated throughout, not merely on the surface ; 
that is to say, ‘‘ diathermy” is produced. 

~The customary methods of applying heat to the body 
for therapeutic purposes do not procure diathermy, 
and it is doubtful whether the heat penetrates below 


.. the skin. In these methods the heat is derived from 
"some external source. An object which is heated to 


a higher temperature than that of the body is placed 
either in direct contact with the body or at a distance 
from it. In the first case the heat is conveyed to the 


a body by conduction, in the second by radiation, The 


tissues are poor eonductors, and the heat after passing 
through the epithelium eache the underlying capill- 


4 aries. Further penetration of heat is impeded, if not 
_ entirely prevented, by the circulating blood, which 
' conveys away the heat. 


When the heat is derived from an incandescent 
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radiation. 
very short distance only, probably not further than the 
skin, so that the latter alone is heated directly ; further 
spread must be by conduction and impeded or 
prevented by the circulating blood. 

When, therefore, the heat is derived from an external 
source the skin is heated, and possibly the underlying 
tissues for a trifling distance; in other words, 
‘‘epithermy” is produced. Ifthe entireskin ora large 
area of it is heated, the temperature of the internal 
parts of the body may rise, but the heating is iderect 
and due to the circulation through them of blood 
heated in its passage through the skin.* The heat is 
in this way distributed to the entire body, and it cannot 
be restricted to any one region desired. 

To procure diathermy an electric current of special 


kind is passed through the part which is to be heated. 


It is well known that when a current passes along a 
conductor, heat is developed, the amount and degree 
of heat depending on the resistance of the conductor 
and the intensity of the current.t The body is a 


conductor of electricity, although its resistance is 


high, and if it is traversed by a current, heat will be 
developedinit. Ifthe current is of sufficient strength 
the heat can be perceived by the body and measured 
by a thermometer. The heat is, by this method, 


* Some patients were exposed to radiant heat and their oral tempera- 


tures noted before and after 20 minutes exposures. In two cases the 
trunk was exposed, and a rise of 1°6° was noted in one (97°2 to 98°'8), 
_ and a rise of 0°8° in the other (98 to 98°8). In four cases, in which one 
lower limb was exposed, the rises noted were 0°4°, 0°8°, 0.88 and I’. 

+ The relation between the amount of heat produced and the strength 
of the current and the resistance of the circuit is expressed in the 
following law: The number of units of heat developed in a conductor 
is proportional (I) to its resistance, (2) to the square of the strength of 
the current, (3) to the time the current lasts (Joule’s law). 


case of other currents, but there is a different relation between the 


amount of heat developed and the strength of the current andithe © 


resistance of the circuit. 


The heat waves, however, penetrate fora 


t This law is. — 
true for the galvanic current. The same principle holds good in the © 


“frequency 


_as ‘diathermy 
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actually generated in the body and not, as in the other 
Ee hods, conveyed to the body ‘ready made” from 
an external source by conduction or radiation. By 
the electric current the heat is generated in all the 

arts traversed by the current so that the tissues are 
heated directly, simultaneously, and throughout. 

‘The current which is used to procure diathermy is 
one which alternates at an exceedingly rapid rate. 
Such currents are commonly known as “ high- 

7 currents. 
Other currents cannot be used because they stimulate 


the excitable tissues of the body, and such stimulation 


would become unbearable long before the currents 
reached a strength sufficient to generate perceptible 
heat. The high-frequency current is unable to 
stimulate the excitable tissues, and therefore can be 


raised to a much greater strength, the limit of its 


toleration being passed only when unbearable heat is 
produced. 

High-frequency currents incapable of producing 
much heat had been used in medicine for some years 
without knowledge of the way in which they produced 


their physiological and therapeutic effects. The 


ultimate recognition that the latter were due to the 
heat produced by the current, and the subsequent 
introduction of the diathermy machine, will be oe 
told in the next chapter. 

Other terms have been used by other workers in 
place of ‘‘ diathermy,” such as “ thermo-penetration,” 
“transthermy ” and “endothermy.” Jhe term 
‘‘thermo-penetration ”” suggests that heat penetrates 
through the tissues ; in reality, the heat is generated 
in the tissues. This term, like “transthermy,” is 
hybrid and inelegant. ‘‘ Endothermy” is as accurate 
” if it does not convey the impression 


that the heat is developed only in the interior of the 
| | : 
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tissues, and “ diathermy” is as accurate as “endo- . 
thermy ” if it does not convey the idea that the heat 
penetrates through. The term “ diathermy,” which, I 
understand, was introduced by Nagelschmidt, is now 
established and most widely used. 


CHAPTER II 


HistoricaL Note 


"Hicu-FREQUENCY currents have been subjects of 
physical research for many years. Their use in 
© dicine was first suggested by Nikola Tesla, who, in 
a paper in the Electrical Engineer, of December, 1891, 


4 


“noted that when the body was traversed by high- . 
‘tension currents of high frequency, heat was 
perceived. It was not, however, till 1898 that an 
_jnvestigation of the action of high-frequency currents 
in the treatment of disease was commenced. This 
was conducted by ‘D’Arsonval, professor in the 
College de France, Paris. He had studied the 
_ physiological properties of these currents for some 
"years before this. In 1890, he showed that when a 
current, used to stimulate muscle, reversed its direction 
“more than 5,000 times per second, the - contraction 
‘became feebler in proportion to the increase in 
" frequency of the alternation. When the frequency 
exceeded 10,000 the contraction ceased. D’Arsonval 
‘showed that high-frequency currents could modify 
‘some of the physiological processes of the body. He 
‘demonstrated their power to increase the respiratory 
exchange, to increase the output of heat, and to cause 
‘peripheral vaso-dilatation and sometimes lower the 
arterial blood pressure, and to increase the nitrogenous 
‘bodies and phosphates in the urine. How high- 
frequency currents produced these changes was not 
then satisfactorily explained, and the fact that it was 
possible to pass a high-frequency current of 3 
amperes through the body without producing any 
sensation other than heat—a communication made by 
| 5 
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D’Arsonval to the Société de Biologie as early as 
February, 1891—was, at that time, a very puzzling 
phenomenon. Outside France, all. the results that 
followed medical treatment by high-frequency currents 
were attributed to ‘‘suggestion.” 

In the early years of the present century more 


attention was directed to the powers of high-frequency 


currents to heat the body. D’Arsonval had 
previously called attention to the unpleasant heat 
(‘chaleur désagréable”) sometimes felt when the body 
was traversed by strong high-frequency currents, but 
apparently did not realise that the heat might be 
responsible for the physiological and therapeutic 
effects observed. In 1899, von Zeyneck, in a paper 
in the Géttinger Annalen, on the excitability of the 
sensory nerve endings to alternating currents, made a 
brief allusion to the heating-through (‘ durch- 
warmung”) of the finger tips, and interpreted the 
phenomenon asa consequence of Joule’s Law. In 
September, 1907, Nagelschmidt, a Berlin physician, 
demonstrated, in Dresden, that high-frequency cur- 
rents caused a heating-through of the tissues, and 


recommended their use for the treatment of diseases — 
of the joints and circulatory system. In February, — 


1908, von Berndt and von Preiss, in conjunction with 
von Zeyneck, published a paper on the treatment of 


joint diseases by high-frequency currents, and spoke 


of the production of “heat-penetration” as_ the 
essential part of the action of these currents. 

When the importance of the thermogenetic powers 
of high-frequency currents was realised, more atten- 


tion was paid to the design of the machines used for | 


the production of these currents. At the Congress 
held at Budapest in 1908, Nagelschmidt showed a 
machine which yielded currents capable of producing 
a much larger quantity of heat and a higher tempera- 


gure. 


tiss 
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The term “diathermy” was introduced in 


recognition of the fact that these currents generated 


“heat, and that the heat was distributed through the 
eG 7] 


ues and not localised to the surface. 
It will be seen, from the foregoing brief account, that 


the effects of the currents which oscillate with high 


frequency were tried on the living tissues, in health 
nd disease, without knowledge of how the effects were 


‘produced or why these currents could not stimulate 
excitable tissues; that it was recognised some years 


Jater that the physiological and therapeutic results 


“were the consequence of the heat which these currents 
produced, and that the heat was not restricted to the 


‘surface but was developed throughout the tissues, as 


‘the resistance of the latter was overcome. Apparatus 
capable of yielding high-frequency currents that could 


‘generate large quantities of heat was then con- 
‘structed, and the term “ diathermy” was introduced to 
express the action of the modern medical high- 
frequency machine. Last ofall, in light of modern 


‘yesearch on the excitability of muscle and nerve, a 


‘satisfactory explanation was obtained of the inability 
‘of high-frequency currents to stimulate these tissues. 
_ Diathermy was introduced into England by Lewis 
Jones, late Medical Officer to the Electrical Department 
‘of St. Bartholomew’s Hospital, in 1909. A machine 
by Schall was used in the Electrical Department of 
‘St. Bartholomew’s Hospital during that year. The 
following year, a machine by Siemens was installed, 
and Nagelschmidt demonstrated its use in the Depart- 
ment on October 21st, 1910, on three surgical cases. 
This was the first occasion of the use of diathermy in © 
surgery in this country. During recent years the 
advantages of diathermy, particularly in surgery, have 
been realised, and the method is now being adopted in 
this country. 


i i! 


CHAPTER III 
In this chapter are described the physical principles on which high- 


frequency currents are produced and the factors which determine 


the frequency and duration of the oscillations. A simple ex- 
planatory model is described, also the original high-frequency 
current generator. | : 


To generate a perceptible and measurable amount of 
heat in the tissues, a current very much stronger than ~ 
those used for other therapeutic purposes is required. | 
It must, therefore, be deprived of its power to © 


stimulate the excitable tissues and to cause chemical 


(electrolytic) changes. This can be done by making © 
it alternate at an exceedingly high rate. The current — 


is then known as a /ugh-frequency current. 


The number of times per second a current must 
reverse, if it is to lose its stimulating and electrolytic | 


powers, depends on its strength. A strong current 
must alternate with higher frequency than a weak 
current, but when the frequency exceeds a certain 


critical height the current loses its stimulating and © 


electrolytic powers, whatever its strength may be. 


The number of alternations necessary for this purpose | 
cannot be precisely stated, but it may be regarded as — 


not less than 500,000 per second. 


Principle on which high-frequency currents are 
produced. 


No mechanical alternator can reverse a current with J 
such a high frequency as that stated above. High- - 
frequency currents for use in medicine are obtained J 
on quite a different principle. If a condenser, such ~ 
as a Leyden jar, is charged and then allowed to | 
discharge by connecting its outer andinner coats by 7 
a conductor, a current of momentary duration will — 


8 
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4 =. along the conductor. Under certain circum- 
pas 


B nces this current will flow, not in one direction only, 


hut backwards and forwards between the coats, 


becoming feebler with each reversal, till it ceases. 
- form of discharge is said to be “oscillatory.” It 


| } graphically represented in Fig. 1. 


' A ‘phenomenon analogous to- the oscillatory 
: harge is seen when a fluid, such as mercury, 
confined in one limb of a tall U-tube, is suddenly 
allowed to enter the other limb by releasing an 
apstruction at the bend. The mercury does not at 
a ce reach the same level in each limb, but alternately 


disc 


rises and falls, to a diminishing, Sa 


‘extent with each reversal, till the 


same level is regained in each 


jimb. So also, if a metal spring, 


held at one end in a vice, is pulled 
40 one side and released, it will 
‘not regain its position of rest 
Gmmediately, but will vibrate to and 
fro with constantly diminishing 
amplitude till it ceases to move. | 
In the case of the condenser the py, 1,—Diagram repre- 
frequency of the current reversal senting oscillatory dis- 


| i y i charge of a condenser. 
or oscillation may be high enough | 


‘to deprive the current of its stimulating properties. 
The frequency may even far exceed this height, or, on 
‘the other hand, it may fall below it ; in the latter case 
the current will regain its power to stimulate and 
‘become a “low-frequency” current. The conditions 
which decide whether the discharge of a condenser 
‘shall be oscillatory, and those that determine the 


frequency of the oscillation and its duration, will now 


‘be described. : | | 


Conditions necessary for an oscillatory discharge.—\n 


order that the current accompanying the discharge of 
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a condenser may alternate, two conditions must be 


fulfilled. In the first place, the resistance of the circuit 
along which the discharge takes place must be low. 
If itis high, the current will flow only in one direction, 
In the same way, sufficient narrowing of the bend of 
the U-tube will cause the mercury to regain the same 


level in each limb without any preliminary up and — | 


down movement. So, also, the immersion of the spring 


in viscid fluid will prevent vibration to and fro before 4 


the position of rest is regained. 

The second condition which must be fulfilled, if the 
discharge is to be oscillatory, is that “self-induction” 
must be possible in the circuit; that is, the current 


flowing in the circuit must induce other currents in 


the same circuit. This can be effected by winding 
the circuit in the form of a spiral of one or more turns. 
Some self-induction is, however, possible if the circuit 
is composed of a straight wire. 

If the coats of a charged Leyden jar are con- 
nected by a copper wire the discharge will be 
oscillatory, because the latter has a low resistance 
and allows self-induction. If the human body is in- 
cluded in the circuit the resistance will be too high, 
and the discharge will be unidirectional; the current 


will not oscillate and the body will experience a | 


shock. 


Conditions determining the frequency of the oscillation. : | . 


—The frequency of the oscillation, z.¢., the number of 
reversals of the current per unit of time, depends 
_ upon three factors. 

first, the resistance of the circuit. If the resist- 
ance is low enough to allow oscillation, the effect of 
further lowering is to increase the frequency of the: 
oscillation, while if the resistance is increased the 


result is to lower the frequency, As already stated, 


if the resistance is increased beyond a certain magni- 


curren ¥ 
phenomenon } 


‘the circuit in t 
adjacent turns, t 
jowered. 
ing the self- 
spring an 


from a con 
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he discharge ceases to be oscillatory and the 
t flows in one direction only. The analogous 
n the U-tube is seen when the latter 1s 
cted at its bend. The resistance 1s thereby 
d the effect is to diminish the number of 
g and falls of the mercury in the limbs, while 
arrowing of the bend will cause the mercury 
4 Bs the same level in the two limbs without any 
Be inary up and down movement. wa 
id the amount of self-induction im the circuit. 
a ’ 


inde t 


constri 
a creased, an 


“1f the self-induction is increased, as by winding 


he form of a spiral of many closely 
he frequency of the oscillation will be 
The lowering of the frequency by increas- 
induction may be compared to loading a 
d thereby lessening the frequency of its 
Bird, the capacity of the condenser. The current 
7 be denser of large capacity will oscillate with 
ency than that from a condenser of small 


lower frequ 2 ; i 
: e resistance of the circuit: and its self- 


‘capacity, th 


‘jnduction remaining the same. So, also, a longer 


‘spring will vibrate less frequently —_ a shorter 
"spring of the same calibre.” ee 

Conditions determining the duration of the oscilla coun 
The time occupied by the group of oscillations w fe : 
‘occur during the discharge of the condenser — 
“upon the same three factors which influence the 


frequency of the oscillation. 


First, the resistance of the circuit. Increasing the 
‘resistance not only lowers the frequency of the 
‘oscillation but also shortens its duration. When it 


P * By greatly enlarging the capacity of the dena amete OE we 
t f self-induction of the circuit, i 

BP icon tay be lowered sufficiently to cause the spark of discharge 
_ to emit a musical note. 


WW 
Oy. 


oe 
a 
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is quickly reduced to zero the oscillation is said t 
be- ‘‘damped.” If there are only a very on ) 
oscillations, the latter are said to be _ stron ‘ &§  henries.\ , . 
damped. If it could continue indefinitely, the neti = me Lhus, ee sengetSer Hasna capac) of gon MELO” 
lation would be described as “ undamped ae : farad, a ue a sea ioe : ee wis c 
resistance exceeds a certain height ieee ae 7 ' gelf-induction of roo000 henry and a negligible resist- 
oscillation sti tee cuvient) and Heese aca “ance, the number of oscillations would be 1,061,000 per 
in one divebuiOucoulys ie demip plese. second. i his represents the approximate frequency 
lation may be compared to the vibration of a sprin ( :. of the Pecmianon in a comme form. of D’Arsonval 
against resistance. If the latter is slight the:vibeac il Biien-frequency current generator, in which the con- 
tion is infrequent; if it is great, vibration will be Wee soaensen 2 eoct jay o sae ae average (MHER 
prevented. , sions, has the capacity above-mentioned, and the 
Second, the amount of self-induction. If this i "circuit, a paick. wire Spur Ge uae oe 
increased the duration of the oscillation is eneehene q hl ’ He . a 
Third, the capacity of the condenser. Increase ca _atus will be described below. ee 
Bie Ginaciiny levéthens:theuducationafiits alechay | ee~CiL he actual duration of the complete group of oscilla- 
Increasing the capacity of a condenser corres mdse _ muons Becompanying each disciargé one cong euer 
lengthening of a spring and so lengthening oe a can be calculated, but the calculation 1s very com- 
Bhi Ration. | : on | plex. The duration is, however, exceedingly brief. 
_ The number of oscillations may be calculated fio i 1 aan en een a 
the resistance of the circuit, the amount of selfdndiac Wes bias been calculated to be about Sa poT SECOMG: 
tion in the circuit, and the capacity of the coe q a a ae eet ROR eae ea 
The unit of self-induction is the Henry, and is denoted | atid eee bed, together athe ape ee ee 
ec letter L. 1his the dadueuon a 5 aout 4 ally designed by D Arsonval. Although this apparatus 
EWE dnducedin fie eee oe ace : vis not the same as that introduced for generating high- 
the inducing current varies at the rate of 1 a a _ me equency currents capable ol peomuciis diaeny 
per second. The unit of capacity is the farad; as — 4 q will serve to introduce and explain the more complex | 
denoted by the letter K. It is the capacity of : ee a j diathermy machine. The principle on which the 
depser, when the latter is cliseeed 46 4 noe n ial i 7 currents are generated is the same in both, and, as 
volt by 1 ampere flowing for 1 second. As this is an | aul cae vown later, ‘the, DArsonval appari]? 
_aicmelyy larze-eapacity, ane midneatiol @ eugene 5 ‘ be modified so as to generate currents which can 
EtG id de commonbecd : —— ] a e fair amount of diathermy when applied to 
If the resistance of the circuit al Gg ee OCY: : ae 
teildivener discharges it lox Pane ae 88 3 __ Fig. 2 shows the plan of a device by which high- 
(neatly cedalite 7 2, WRITE where athe ei 1 Berequency currents can be produced. C represents 
of the condenser, measured in microfarads, — 7 7 : he condenser (Leyden jar). The circuit counoeng 
) ; ae the outer and inner coats contains a coil of wire, 5. 


4 the measure of the self-induction in the circuit. in 
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This coil is usually known as a “solenoid.” In this 
circuit a gap, G, is introduced. It is known as the 
*“‘ spark gap.” | | | 

The condenser is charged by connecting its inner 
coat to some source of supply, such as an electric 
machine. A charge of the opposite kind is induced 
on the outer coat. As soon as the potential difference 
between these charges is sufficiently high the 
condenser discharges across the gap G. The current 
which accompanies this discharge will oscillate with 


Ss 


FIG. 2.—Plan showing connections of condenser (C), solenoid (Ss), and 
spark-gap (G). High-frequency currents can be generated in the 
circuit. | 

high frequency between the coats along the circuit 

containing the solenoid and spark gap if the total 

resistance of the circuit is sufficiently low and the self- 
induction in the solenoid is not too high.* 


The D’Arsonval high-frequency current-generator. 


The high-frequency current-generator of the type | 


originally introduced by D’Arsonval (see plan, Fig. 3) 


*The actual resistance of the air gap is very high, but the passage of 


the first spark ionises the air at the gap and lowers its resistance Q 


sufficiently to allow the current to oscillate with high frequency. 


which 1s ma 
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o condensers (Leyden jars), A and B. 
er coats are connected by the solenoid DE, 
de of turns of stout copper wire. The 


L 


‘Fic. 3.—Pla 


i 
2 


Leyden jars are charged by connecting their inner 
“coats to the secondary terminals of a large induction 
‘coil, capable of yielding a six or eight inch spark. . At 


A; 

t 
ty 
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each interruption of the primary current, the current 
induced in the secondary coil charges the Leyden jars 
(inner coats). Charges of the opposite kind are 
induced on the outer coats. Directly the charges on 
the inner coats reach a sufficient difference of potential] 
they neutralise each other, and a spark appears at the 


gap C, between the metal rods connected to the inner — q 


coats of the jars. The induced charges at the same 


time neutralise each other, and, since the resistance of | 


the solenoid is sufficiently low, the current along the 
latter oscillates with high frequency. 


When the apparatus is in action the sparks at the 


gap appear to be continuous, but they are really 
intermittent and pass only when the current in the 
primary circuit of the coil 1s interrupted and the 
charged jars discharge. These sparks may reach a 


length of two inches or more and they emit a loud | | 


noise. 


The current oscillating in the solenoid cannot be _ 


passed directly through the body. If the latter were 
included in the circuit containing the solenoid which 
connects the outer coats of the jars, a high resistance 
would be added to the circuit, and the current would 
not oscillate but flow in one direction only. The body 


would then experience violent shocks. If, however, © ; 
the body is placed in another circuit which connects. | 
the ends of the solenoid, it will be traversed by high- _ 


frequency currents and no shocks will be felt. The 
body being, in this way, connected to two points of 
which the potential is changing with high frequency, 


will be traversed by currents which will alternate 
through the body with the same frequency. These — 


currents, generated during discharge of the Leyden 
jars, can flow along the solenoid and through the body. 


But since the resistance of the solenoid to high-— 


frequency currents is extremely high, the major portion 


mee 
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:. current will pass through the body. The 
a France of the solenoid to a direct (galvanic) current 


of course, extremely low, but high-frequency 


srrents induce other currents in the same circuit, 
hich flow in the opposite direction with the same 


equency and so greatly hamperthem. This is why 


ye solenoid offers such a resistance to the high- 


-equency current. | 

‘The current from a high-frequency generator of the 
we above described will, however, give very little 
Sathermy when passed through the body. The 
eyden jars have a small capacity, and the train of 


high-frequency oscillations last only for a very brief 


S. : ce 
fjod, which may. be as short as 7, second. If 


t 


4he jars are charged once only when the current 


in the primary circuit of the coil is interrupted, the 
nterruption should take place 50,000 times per second 
f the high-frequency oscillations are to be sustained. 
But, as there are only about 100 interruptions per 


second with the mercury break attached to the coil, 
there are very long periods during which no high- 
frequency current oscillates in the solenoid. 


By making certain alterations in its design, the 


D’Arsonval apparatus can be made to yield currents 


which can produce more diathermy. These will be 
described in Chapter IV (p. 36). | 


L) 


CHAPTER IV 


THe DiatTHERMY MACHINE 


In this chapter are described the iota cations of the design of thell q 


original high-frequency machine so as to yield a current capable : 


of producing diathermy. The events taking place in the odes 
parts of the modified machine are explained. Various models of. 


diathermy machines are then described and illustrated, and noteg © 


on the care of the machine are given. 


General Plan of Construction.—The diathermy — 1 


machine generates high-frequency currents on the 


same principle as that explained in the previous — 
chapter and illustrated by a description of the original | 
type of high-frequency current generator, but a 


different type of condenser and spark gap are used 4 


and a different method of charging the condenser is | 

adopted. 7 
The condenser is composed of a number of metal | 

sheets, separated from each other by insulating material, — 


such as mica or glass. It has a larger capacity than 


the Leyden jars used in the original high-frequency © 
It therefore holds a larger charge, and the | 


high- frequency oscillation accompanying its discharge, ” 1 


machine. 


dass for a less brief period. 


In place of the spiral cvil (solenoid) along which the | 
condenser discharges, a flat spiral resembling a clock | 


spring Is used. 


The spark gap is very narrow and is situated, not | 
between two points or balls, asin theoldhigh frequen : 
‘machines, but between broad metal discs placed with ~ 
There are two of @ 
The gaps are narrow 7 


their faces parallel to each other. 


these gaps placed in series. 
18 


Ae 
LU. 


n a shape a picture frame. 


ne any turns of fine well insulated wire. 


rom the main must be alternating. 
urrent is direct, it must be converted into an alter- 
lating current by means of a machine ee as a 
1 votor generator.* 
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ause the condensers are not charged to a voltage 
enough to overcome the resistance of a wider gap. 
road metal discs are used in order that the heat 
sduced by the passage of the sparks can be conducted 
| As will be mentioned later, the efficiency of a 
‘t hermy machine is greatly impaired when the metal 
: os become very hot. 
The source of electricity from which the condenser 
Brged' is the main. Themaincurrent is, however, 
tat a sufficiently high voltage. The voltage must 
erefore be raised. In the D’Arsonval type of 
me ency machine an induction coil was used for 
purpose. This, however, raised the voltage 
B cessarily high, and, apart from this, there is 
yr nnsiderable loss of energy in the transformation 
the low to the high voltage by means of an 
yduction coil. In the diathermy machine a sfatic 
ansformer is used to raise the voltage. This consists 
fa hollow rectangular mass of soft iron, resembling 
The primary coil is wound 
mone side. It is composed of a few turns of thick 
ell insulated wire. The secondary coil is wound on 
ie side opposite the primary coil, and is composed of 
The primary 
pil is supplied by the current from the main. In 


the secondary coil is induced another current at a 
igher voltage. 
sondenser. 


This current is used to charge the 
In order that currents may be induced in 
ne le secondary coil, the current supplied to the primary 
If the main 


i ‘Tn one model of diathermy machine (described on p. 33), a diveet 


Vcurrent is used, and the condenser is charged directly to the same 


) oltage as that of the main supply. 
a C 
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The static transformer, condenser, spark gap, ete 


are shown diagrammatically in Fig. 4, also ‘ha 


coil. They are wound on Oppo. 
site sides of ak rectangular j iron 9 


coil of the transformer. The — 
other set of layers of the con. 
denser is connected to the other ‘ 
end (D) of the secondary coil, 


Tt 2 o 


FIG. 4.—Plan of connections 
of parts of diathermy 
machine. A B, primary 

coll of transformer, E; 
CD, secondary coil; H, 
spark gap; F, condenser; 
G, flat solenoid (oscil- 
lator); K, resonator; I, 2, 
- 3, terminals leading cur- 
rent to its destination. 


coil G. 


connections. 


AB is the primary coil of the q 


transformer, CD the secondary © 
core E. 
F is the condenser. 


to one end (C) of the secondary q 


with the flat spiral coil (G)_ 


included between the connec. 7 
Spark ‘ 
gap. This circuit, including the © 


tions. .At H 1s. the 


condenser F, spark gap H, and- 


coil G, is ihe same, in pring 


ciple, as that shown in Fig. 27 
(.0.). 
A second flat spiral is shown 4 
at K. It is known as the “re. 
sonator.” 


and(3). Usually there is a third © 
terminal (2), which is connected ~ 
to some intermediate point along | 
the spiral. 


By means ofarack and pinion, 
or other device, the coil K can _ .. 
be moved so as to lie partly or completely over the &-g 


One set 7 
of its metal layers i is connected © 


sositively the other set negatively. 


Its extremities are a | 
connected to the terminals (1) ~ 
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taking place in the different parts of the 
apparatus described. 


ay gente 


©. current supplied to the primary coil AB (Fig. 4) 
‘the transformer is an alternating current, and the 
quency of its alternation is /ow. The number of 
rernations depends upon the district in which the 
wrrent is generated. In some districts there are 50 
fernations per second. In others there are more, 
a there may be as many as 200. In the coil CD 1s 
;duced another current, alternating with the same 
requency but ata biehed voltage (2,000 to 5,000, or 
igher, according to the machine), This induced 
urrent charges the condenser, one set of plates 
Although this 
urrent flows only for a very brief period in each 
jrection, it has time enough to charge the condenser 
nee and probably oftener before reversing. The 


| harged condenser discharges along the spiral G and 
across the spark gap H. The current accompanying 


his discharge is a high-frequency current. As it 
scillates in the coil G it induces another current 
yf .e frequency of alternation in the resonator K. 


Phe strength of this induced current can be increased 


by y moving the resonator over the other coil (the latter 
oi i is known as the “ oscillator’) so as to bring it into 


he magnetic field formed by the current in the 
Og 4 ator. 
the currents in the oscillator can cause currents to 
flow in the resonator. 
f requency currents are oscillating, is a source of 
slectro-magnetic (Hertzian) waves, like those used in 
wireless telegraphy. These waves are propagated 
nto space and are able. to cause other high-frequency 
currents to oscillate in another circuit, which 1s 
Suitably placed. The latter circuit is said to ‘‘ resonate.” 


There is, however, another way in which 


A circuit in which high- 
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In order that it may resonate it must contain 
condenser, and it must allow self-induction to take 


place along it ; in addition, the product of the capacity, 
af thé condenser and: the amount of self-induction 9 4% 


must be the same for oscillator and resonator. The 
latter will then resonate even if it is placed at a | 


considerable distance from the oscillator, but if jg is 


placed close to it, so as to lie in the magnetic field” 


around the oscillator, the currents in the resonator | : : 


will reach their strongest intensity. If the product of 
the capacity and self-induction is not the same for 
oscillator and resonator, but differs considerably, no 
resonance will take place, and currents of considerably 
less intensity will be induced in the resonator, theesl 
being due to the magnetic field around the oscillator 4 

When designing the apparatus, the product of the 


capacity and the self-induction of the oscillating | 
circuit (F G H, Fig. 4) should be equal to the product 

of the self-induction, and the capacity in the resonat- 

ing circuit. (The capacity in the latter circuit is the a 
human body.) When: this is the case the body will a 


be traversed by the strongest currents. 


_ There is yet another requirement, if the current inl 
the resonator is to be sustained and capable of pro- | 


ducing much diathermy. The high-frequency cur-_ 


rents in the resonator are also a source of electro- J 
magnetic waves. These may react on the waves | 
propagated from the oscillator and interfere with | 
them. The currents in the resonator will then be | | 
impeded or stopped. To prevent this, the high- | 
frequency oscillations which accompany each dis-_ 
charge of the condenser should be quickly suppressed | 
or ‘‘damped,” that is, reduced to zero after a very | 
few alternations. T he high- frequency current con-_ 
tinues in the resonator after that in the oscillator 7 
has ceased, till it is reduced to zero by the resistance | 


i fipi 
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4 


ot Bie. body. This: may be made clearer by an 


logy: A pendulum is struck by a mallet and is 
ade to swing. If the mallet is moved irregularly it 
strike the swinging pendulum at the wrong 


a a m and stop it or impede its swing. After each 


the mallet must stop (this corresponds to 
ing the alternations in the oscillator) until the 
| ndulum ceases swinging (this corresponds to the 

ssation of the alternations in the resonator and 


ody). Directly it ceases to swing a second blow 


ast be given by the mallet (this corresponds to the 
xt discharge of the condenser and accompanying 


fe ae current alternations in the oscillator). 


n order that the alternations in the oscillator may 


. “sufficiently damped, the spark gap must be pre- 
ented from becoming very hot. 


‘ The importance of the design of. the spark gap will 


ow be realised. The air in the gap is heated to 
jeandescence by the sparks, and the metal parts 
myecn which the sparks pass. would become 


es hot if the heat were not rapidly conducted 


way. By using broad metal plates the sparks are, 
s it were, spread over a large area and not con- 
trated on one spot. The large area of the metal 
Jates enables quick conduction away of the heat. 
Conduction is further aided by means of radiating 
nS or other devices, which will be explained shortly 
yhen the different Wether machines are described. 


If the spark gap were formed between metal points 


r tead of broad discs, the points would become 
| tensely hot and damping would not occur, and then 


current in the resonator would: be Sapcaee or 


oped. 


e complete . sinehiemy machine.—The earliest 


a tterns of diathermy machines used in England 
rere made by echall and by Siemens. During 
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recent years other makers have constructed machines. ~ 
All these generate the diathermy current on thesame 
general principle, and they differ chiefly in the metkoq — 
adopted to regulate the strength of the incoming ang 
outgoing currents, and in the design of the spark gap, 7 
The transformer, condenser and solenoids are en. — 
closed in a wooden cabinet mounted on a trolley, — 
The top of the cabinet is formed by a marble slab, — 
On this slab are mounted the spark gap and ampere. 
-meter. The various terminals and switches, and the 
coupling device for bringing the resonator over the q 
oscillator, are mounted on the top or sides of the case, 
In the following pages will be described some forms 

of diathermy machine. The first is that made by 
Siemens. A machine of this design was installed in 
the Electrical Department of St. Bartholomew’s 
Hospital in 1910, and it was used in the first operation 

of surgical diathermy in England. | 


Diathermy Machine by Siemens. 


This machine is illustrated in Fig 5. A semi- — : 
diagrammatic outline drawing of it is shown in Fig 6, — 
and a plan in Fig. 7. In Figs. 6 and 7 the same letters 


refer to the same parts. | 
The alternating current from the main passes, on 

opening the switch A, through a resistance coil BC, 

to the primary coil E of the transformer and back to “9 «! ee 

the main by way ofthe metal hood F. Thestrength —3y ; : as \ 

of this current can be varied by cutting out part or 

whole of the resistance of the coil BC; this is done 

by moving the slider D along the coil, so that the main 

current traverses a greater or lesser length of the re- 

sistance wire. Gis the secondary coil of the trans- 

former. In it is induced another alternating current 

at a higher voltage (2000). This charges the con- _ 


FIG. 5.—Diathermy machine by Siemens’ Bros. (Earlier model.) 
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denser H, which'then discharges along the oscillator L 
4nd across the spark gap K. The spark gap is 
covered by a metal hood shaped like an inverted U 

a (see Fig. 5 and F in Fig. 7). In Fig. 6 the hood has been 
_yemoved. To the extremities of the hood are fixed 
_ metal pegs, which fit into metal recesses on the marble 
slab. When the hood is pulled off, the circuit on 


From, altering 


curren’ Marrs 


fo" 
ALi Ee 


Fic. 6.—Siemens’ Diathermy Apparatus (semi-diagrammatic view). 
The hood, covering the spark gap K, is, omitted so as to show the 
metal discs a, b, c, between which the sparks pass. A, switch; D, 
regulating handle for incoming current ; K, spark gap; N, ampere- 

meter; P, coupling handle; 0, 1, 2, terminals to patient. 
which the incoming current flows is automatically in- 
_ terrupted. The spark gap can then be examined and 

adjusted without fear of shocks or burns. 
The spark gap lies between. closely opposed copper | 

discs placed face to face (a, b, b, c, Fig. 6). The con- 
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stituent parts are shown in Fig. 8. The 


ona frame consisting of two metal si 
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Pic. 7.—Plan of Si > Di | 
ei ‘ iemens’ Diathermy Apparatus + om: : 
ig. 6 the same letters indicate the same ee mean 


. which support three rods, two lower and one upper 
wo only, c, d, are seen in-the figure). These ve 


y are supported 4g : 
de pieces. (a and a 
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| made of insulating material, such as china. They sup- 


port the copper discs (e, f, g, h), which rest on the two 


e jower rods; j,k and 1 are metal: plates which make 
© contact with the copper discs; m andn are thick 
| _ glass discs. Both these and the metal plates are 

= supported on the insulating rods, c and d, together 
= with the copper discs, and all can be pressed into close 
apposition with each other by turning the screw 0. 
_ The. copper discs are prevented from touching by 
_ interposing between them mica washers. These are 
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‘Bic. 8.—Construction of spark gap fitted to Siemens’ machine. 
i (Diagrammatic.) i 


%mm.thick. Oneis placed between e andf, and one 
between g and h. These washers make contact with 
the peripheral portions of the discs. The central 
portions of the latter, which are left uncovered by the 


washers, are faced with silver. 


The mica washers are not shown in Fig. 8. The air 


gaps between the copper discs are shown wider in 


proportion to the discs than is actually the case in the 


machine itself. A 
The object of the glass discs is to insulate the metal 


plates and copper discs from the metal parts of the 
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framework. The object of the metal plates, j,k, Lig 
to radiate the heat away from the copper discs, which 
become very hot when the machine is in action. q 

Across the narrow air gaps, between the q 
copper discs, the condenser discharges. The discharge q 
takes the form—not of white sparks—but of non_ a 
luminous blue films, which occupy the space between _ 
the discs, As the condensers are charged and dis. 
charged with great frequency, the blue filmsappearto 
be stationary and uninterrupted. A finely-crackling 
hissing sound accompanies the discharge. | j 

The oscillator L (Fig. 7), along which the high. — 
frequency current accompanying the discharge of the _ 
condenser takes place, is fixed. The resonator M 
can be moved over it by rotating the rod P (Fig. 6), 4 
The ends of the resonator are connected to the _ 
terminals o and 2. In this circuit is the ampere. — 
meter N. Another terminal, 1, is connected to a a 
point on the resonator half-way between its ends. ; 

A high-frequency current is induced in the resonator, 
and is led to the patient by way of the terminals 
o and 1,or oand 2. The voltage reached between 3 
o and 1, when the body is in circuit and the second _ 
solenoid directly over the first, is approximately 200; 
between o and 2, about 900. The voltage fallsas the _ 
resonator is moved off the oscillator. The amperage. 
reached will depend on the resistance of the region 
of the body included in the circuit. % 

The amperemeter is of the hot-wire type. The _ 
current passing through it heats a fine wire, which » 
then lengthens. The increase in length is indicated — | 
by a needle, which moves overascale. The scale has — 4a 
previously been calibrated by passing a galvanic 
current of known strength along the fine wire. 

To regulate the strength of the diathermy current 4 
the slider D (Figs. 6 and 7) is moved from “weak” a 


i 
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towards “strong.” This increases the strength of the 
current supplied to the machine. At the same time 
the resonator is rotated over the oscillator by the 
- coupling rod P (Fig. 6). The pointer of the latter 
moves over a scale (Fig. 6). When the pointer is at 
 «&o” the oscillator and resonator are off each other ; 
when at ‘‘10” they completely overlie each other. 

If two wires are connected to the terminals o and 2, 
the slider D placed at “strong,” and the rotating handle 
at ‘‘10,” a torrent of thick white noisy sparks will pass 
between the ends of the wires when they are brought 
to about % in. ofeach other. If the gap is now 
widened sparks will continue to pass till the width 
reaches %{ in., when they cease to pass. The gap 
must now be reduced to ¥% in. before they pass again. 

In the latest model * of Siemens’ machine a rack and 
pinion is used to bring the oscillator and resonator 
over each other. These are placed horizontally and 
they lie over each other. By rotating the pinion the 
resonator is lifted upwards off the oscillator. 


Diathermy Machine by Dean. 


This machine is illustrated in Fig. 9, and an outline 
drawing of it is shown in Fig.10. It differs from that 
just described in some points of construction. The 
primary coil of the transformer is sub-divided into four 
parts. By moving the handle P (Fig. 10) over the studs 
I, 2, 3, 4, the current taken from the main can be passed 
through a part of the primary or through its whole 
length. The primary coil takes least current when 
the handle P is on stud 1; most when it is on stud 4. 

The oscillator and resonator lie in vertical parallel 
planes, and by means of a rack and pinion, actuated 
by the handle Q, the secondary can be moved over’ 


* This machine is now manufactured by Fredk. R. Butt & Co. 
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the primary. The. terminals 1 and 3 are connected _ 
to the ends of the resonator; the terminal 2 is con. @ 
nected to an intermediate point. —_ | ae 
The spark-gap U is similar to that fitted to Siemens 
machine. : | vay 
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PIG, 10.—Dean’s Diathermy Apparatus. The hood, covering the spark 
_ £ap U, is omitted to show the metal discs a, b, c, between which ( | 
the sparks pass. S, switch; P, regulator of current supplying i ; i PueS es 
machine; Q, coupling handle; I, 2, 3, terminals to patient. | = 1 a8 Henle? 


Machine by Medical Supply Association. 


This machine is shown in Fig. 11. The current 
from the main is led to the terminals shown on the 
front of the cabinet. This current is not regulated 
by the operator. The condenser is made of metal 
plates insulated by mica and enclosed in oil. There 
is only one solenoid. It is made of copper band 
wound in the form of a clock spring.. The diathermy 


G 


Fic. 11.—-Diathermy AAchifie by Medical Supply Association. 
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_ ‘current produced in it is led to. 
the marble top of the cabinet. 


other terminal is connecte 


_ _ 
_ can be moved by rotating the handle 
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the terminals shown on. 
One of these terminals 
js connected to one extremity of the solenoid. The 
d to a metal slider, which 
shown on the 
so as to make contact with any 
art of the spiral. The greater the length of the 
spiral included between the terminals, the higher the 
voltage of the current delivered by the machine to 


front of the cabinet, 


the patient. 


| oe 


rz 


gap fitted to diathermy machine by 


FIG. 12,—Construction of spark 
(Diagrammatic.) 


Medical Supply Association. 


- On the top of the cabinet are seen the amperemeter 
(in front) and the spark gap (behind). The latter is 
different in design from that previously described. 


The constituent parts are shown in di 
There are two closed metal chambers, 


the tops of these a 


agram in Fig. 12. 


A and A’; 


re formed of mica discs. Short 


metal cylinders, C and C’ project into the interior of 
each chamber. They are fixed into the marble top of 
the cabinet and act as a support for the chambers. 
Passing through the mica top of each chamber is a 
stout metal screw, D and D’, each provided with a 
milled-edge head. The spark-gap is formed between 
the lower surface of the screw and the upper surface 
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. of the cylinder, 
be widened or narrowed. 
The chambers are connect 


by way of an inlet fube,-F. th 
and the outlet tube G. D and D’ 
metal strip, H. The condenser discharges across the 
gaps between C and D and C’ and D!. | 
The constituent parts of the spark-gap are enclosed 
within a metal hood (see Fig. 11). Openings are 
provided at the top of this hood, so that the screws 
by which the width of the gap is regulated are acces-_ 
_ Sible to the operator. Removal of the hood does not 
automatically stop the current, as in the previously- 
described machines. When the machine is working 
a prickling faradic sensation is felt by the operator if he 
regulates the width of the spark-gap, so that it is best 
to stop the machine before such regulation is made. 


_ Diathermy Machine by Schall. 

The original form of diathermy machine used in 
England was by. Schall. This wae used at St 
Bartholomew’s in 1909. It was fitted with a spark 
gap designed by Baron Lepel. It consisted of metal. 
discs separated by paper washers, of which the centra] 
opening was small. During passage of the sparks 
the paper was slowly charred away. The charring 
commenced at the edges of the central opening and 
proceeded towards the edge. F requent renéwals of 
the paper washers were necessary. | 

In the modern form (Fig. 13) the spark gap is 
formed between metal discs. The discs are placed 
horizontally and arranged in two pairs. By means 
of a fine thread screw the upper disc of each pair can 
be moved closer to or further from the lower. These 
gaps are placed in series, in the circuit along which 


By turning the screw the gap can 4 


ed by means of a tube. 
A stream of coal gas is passed through the chambers 
€ connecting tube ~ 
are connected by q _ 


tthe 


——— 


aT RARE TT 


WNT 
Ni | 


: FIG. 13.—Diathermy machine by Schall. 
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ean - | | 
Lit the condenser discharges. The air of the gap is | | 
Li | replaced by methylated spirit, which slowly trickles i | 
| i f _ down from a reservoir along a wick and makes its | 
Alt i} way between the opposing faces of the discs. When | | i 
ai i the sparks pass across the gap they decompose the | q 
| Hi i pl _ spirit and hydrogen gas is formed. This gas conducts | | 
mill fl _ away the heat more quickly than air, so that the ij 
ait temperature of the metal rises less rapidly. Cooling i 
i | is further aided by means of the metal fins placed on i 
i UH. q _ the exterior of the framework supporting the parts. 
aii | q These are shown in Fig. 13, immediately in front of i] 
HM | the amperemeter. | | | q 
| | | i] Diathermy Machine by Schall (Portable Model). | 
HH | This machine is shown in Fig. 14. It is connected } | 
ial a to the direct current main. There is no transformer, | 
ie and the condenser is charged directly to the same | 
wit voltage as that of the main. The condenser dis- i | | | 
in| ai charges across a spark-gap and along a primary | | 
| i) solenoid. The high-frequency current utilised for 
ae treatment is taken from a secondary solenoid (reson- ~ 
|} | | 7} ator); the ends of the latter are connected to the two 
i i ! : | | outermost terminals seen on the right side of the | 
tT |i i : a marble slab forming the top of the case. The two | 
H / . 7 | ey «middle terminals are connected to intermediate points ie | 
| ih ( | | _ of the resonator. By means of a special device the | | 
| ‘i | 7 ae current, which is taken from the main, is automatically | \ 
Hi i : ; : 4 short-circuited the moment the condenser is charged. | 
Hi : | The latter then discharges across the spark-gap | 
: | | | and along the solenoid. The short circuit is then | | 
Ht i interrupted and the condenser is again charged. | | 
il il _ This alternate charging of the condenser and short- C 
Hl | i)  circuitirig of the charging current, discharging of the | | 
3 i | -_ condenser and interruption of the short-circuit, pro- | | 
a! i | = ceeds continuously. It is effected by means of an a 
| | | _ electro-magnet and aninterrupter. The electro-magnet | 4 
a Ht H 4 ! 
WaT j 
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is under the wire network hood seen on the marble _ 
slab. The air of the spark-gap is replaced by methy. — 
lated spirit supplied from the small glass vessel (seen _ 
on the top of the hood) or by coal gas. Coal gas is & 


better than spirit. It is led to the gap by way of g 
metal pipe and burnt as it escapes from a narrow tube 
by the side of the glass vessel. By means of an 


ebonite screw at the left side of the metal hood 4 


(hidden from view in the figure), the width of the 
spark-gap is regulated. On the front of the marble 
slab is seen a large switch, which, when opened, 
allows the main current to charge the condenser. On 
the left of the switch is the coupling handle, which 
brings the resonator over the primary solenoid. A 
small pilot lamp is seen on the right of the marble 


slab. When the switch is opened and the width of: 


the spark-gap made sufficiently narrow by means of 
the ebonite screw, a rumbling sound, caused by the 
discharges of the condenser and vibration of the 
interrupter, is heard, and the filament of the pilot 
lamp becomes dull red. If the spark-gap is too 
narrow the rumbling sound ceases and the pilot lamp 
glows brightly. The condenser then is not charged. 

If the gap is too wide there will be no sound and the 
lamp filament will remain cold, and the condenser 
will not discharge. The ebonite screw requires con- 

stant attention, as the noise of the discharge frequently 

ceases, and then the pilot lamp glows brightly. The 

screw must then be very slightly turned (anti-clock- 

wise) until the noise is resumed and the lamp filament 

regains its dull red appearance. | , 


Diathermy Machine by Watson. 
This machine is shown in Fig. 15. In this figure 
the sides of the cabinet are not shown, and the various 
parts are thus brought into view. The special feature 
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FIG. I5.—Diathermy machine by Watson. 


Fig. 14,—-Diathermy machine by Schall (portable model). 
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fof this model is the spark-gap. It is enclosed in a 
"metal chamber mounted on the top of the cabinet. 
The constituent parts are shown diagrammatically in 
The gap lies between a metal disc, a, and two 
metal electrodes, ¢ and d. The two latter are fixed, 
and the disc is movable. By turning the screw- 
‘handle, h, the disc can be raised or lowered, thereby 


: widening or narrowing the gap between the fixed 


WG 5 / 


7 FIG. 16.—Diagram of spark gap fitted to Watson’s diathermy machine. 


_ pieces and the movable disc. One set of plates of 
the condenser is connected to d, the alternate set to ¢. 
P the condenser, therefore, discharges across two 
spaces, one between 4 and d, the other between 
Scand a. The spark-gap is enclosed in a cylindrical 
chamber of aluminium. Each end. of the cylinder 
is closed by an aluminium ring fitted with a mica 
Peentre. - Through the mica centres pass the electrodes 
so that the latter are insulated from the metal chamber. 
_ The air of the chamber is replaced by coal gas. The 
: D 
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two taps, fand g, serve for the entry and exit of the 


gas. If gas is unobtainable a little acetone or petro] 
can be put in the chamber. It evaporates and re. 


places the air of the chamber, and then the taps, | 


fand g, are closed. 7 | : 

The width of the gap can be varied by turning the 
handle 4, and it is not necessary to stop the machine 
while doing so, as the handle is made of insulating 
material. | | 5 

A view of the interior of Watson’s machine is seen 
in Fig. 17. | : 


Modification of design of original high-frequency 


apparatus to yield diathermy. 


It was mentioned in the previous chapter that the 
design of the original high-frequency machine could 
be modified so as to yield a current capable of pro- 
ducing diathermy. This can be done by using plate 
condensers and a special form of spark-gap. A 
machine modified in this way has been designed by 
the Medical Supply Association (Fig. 18). The con- 
densers, two in number, are enclosed in the box on 
the lower shelf of the pedestal. They are made of 


metal sheets, separated by glass, and immersed in oil. _ 


The solenoid is the same as that fitted to the usual 


high-frequency machine. It is seen in the figure on - 


the top of the box holding the condensers. The 
spark-gap is situated immediately behind the solenoid. 
It is a multiple gap, made up of nine air spaces placed 
in series. Each air space lies between a pair of 
narrow metal discs, faced with silver, which are kept 
apart by mica washers 1's in. thick. The total width 
of the gap is therefore a little over } in. By 
dividing the gap into parts in this way overheating is 
prevented. The square metal fins attached to the 
discs also help to prevent undue heating. On the top 
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FIG. 17.— View of interior of cabinet of Watson’s machine. 
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Fic. 18. Apparatus which can be connected to a spark coil and yield 
a diathermy current. 
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of the pedestal is a hot-wire amperemeter. The. 
condensers are charged by connecting them to the 
secondary terminals of a X-ray coil. | 

The degree of diathermy obtained from a machine 
of this kind seems to depend on the coil from which 
the condensers are charged.. An old 8 in. spark 
coil, which was fitted to the orignal high-frequency 
apparatus at St. Bartholomew’s Hospital, when used 
to chargetthe condensers, generates a current which 


yields almost as high a degree of diathermy as the - 


Siemens’ model. Other coils have yielded less, and 


st seems that a coil which is most suited for X-ray 1s_ 


not necessarily the best for obtaining diathermy. 

Notes on the various models of diathermy machine.— 
With respect to the various models which are worked 
by the alternating current from the main, it may be 
said that there is little difference regarding the degree 
of diathermy obtainable from each, and all work 
satisfactorily in practice. = oa 

‘My own experience has extended over eight years 
with the Siemens’ model, seven years with the model 
‘py Dean, and three years, with the model by the 
Medical Supply Association. The spark-gap fitted 
to the latter gives the least trouble, and has the 
advantage that it can be quickly regulated. The same 
applies to Watson's machine. The Siemens’ spark- 
gap works excellently but cannot be regulated without 
dissembling the parts; the mica washers occasionally 
perforate. The machine by Dean works especially 
well when used with the condenser couch (p. 73), 
yielding a large current. 

The small model by Schall has the advantage of 
portability, and it requires a much smaller current 
than the larger machines. As already stated, in the 
description of this model, a dérect current is required. 
It yields a sufficiently strong diathermy current for 
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Surgical purposes and some medical purposes, but it 


cannot be used with a condenser couch. Its dis- 
advantage is that the spark-gap regulator needs con-- 


tinuous attention when the machine is-in operation 

The degree of diathermy yielded by the modified 
high-frequency machine depends on the design of the 
coil used. This machine can be made to give a good 
high-frequency brush discharge or effleuve by attach 
ing an Oudin’s resonator. The other large forms of 
diathermy apparatus can also be made to yield a 
powerful effleuve by attaching special high-frequency 
step-up transformers. Most makers provide these 
for use with their own machines. | 

Current required for the diathermy machine.—All the 
machines above described, save the portable model by 


‘Schall, require an alternating current. If the main 


current available is not alternating, but direct, it may 
be converted into an alternating current by eane Or 
a motor generator.” When the large models are used 
and are giving their maximum output, they require 
a current of not less than 10 amperes. A current of 
this strength cannot be safely carried by the ordinary 
house cables, which convey current for lighting 1a 
Heavier cables, capable of taking a current of AG 
amperes, must be laid down. The portable model 
takes a maximum current of 5 amperes when giving 
its maximum output. | 

Strength of current given by the diathermy machine.— 
As stated before, the current generated by the 
diathermy machine is measured by a_ hot-wire 
_amperemeter. The scale of the latter indicates a 
maximum of 2°5, or 3°0 amperes, according to the 
make of machine. The reading of this instrument is, 


* This consists of a combinati 
: i o on of amotor anda dynamo 
is set in revolution by the current which is available a ene ae 


operate a dynam ic ; 
rentired. y o which generates a new current of the kind. 
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however, an insufficient guide to the quantity and 
degree of heat generated in the body. Hi the part of 
the body along which the current passes has a low 
resistance, a strong current will be indicated by the 


amperemeter, but the body will be heated slightly or 


imperceptibly. If, on the other hand, the part of the 
body has a high resistance, a small current, only, will 
flow, but the body will be strongly heated because the 
greater part of the electrical energy is utilised in 
overcoming resistance. The amperemeter indicates 
the strength of the current passing through its own 
resistance wire. The current passing through the 
rest of the circuit will be the same, but the amount 
of heat will depend upon the area of the cross section 
of the circuit traversed and upon the resistance of the 
material forming the circuit. | 
Care of the diathermy machine.—The part of the 
machine which requires frequent attention is the 
spark gap. The maximum current which the machine 
is capable of giving is often required continuously for 
periods of 15 minutes or longer, and if the spark gap 
s not cleaned and correctly adjusted at regular 
‘ntervals the current furnished by the machine will 
diminish considerably. : 
- A thin grey deposit collects on the mica washers, 
and should be wiped off with cotton wool moistened 
with methylated spirit. . Every week the silver faces 
of the discs, and their rims which make contact with 
the mica washers, should be rubbed with metal polish, 
such as Brasso. Once a month it is a good plan to 
place each pair of discs face to face, with a sheet of the 
finest emery paper between, and rub each plate over 
the other. In this ‘way a perfectly plane surface can 
be maintained. When the silver faces have been 
polished the sparks crossing the gap acquire a 
yellowish hue and the current is diminished. Thenon- 
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luminous blue film gradually reappears and the current — 


ae intensity. The silver very quickly loses 
| cae er. 
one: nat a a grey colour ; this: is its 
_ It is advisable for the operator to occasionally test 
the output of the machine by passing the current 
through himself by way of cylindrical electrodes 
grasped inthe hands. Slight variations in the width 
of the gap should be tried, and the width noted at 
which the maximum current is obtained. When a 
wrists are of average thickness a current of 0°6 or ol 
amperes should be indicated when the machine 
adjusted to give its maximum output. | : 
When the spark gap is of the Siemens type the 
parts must be dissembled ifan adjustment is necessar 
In other machines the gap is adjustable without ua 
the parts down, even when the machine is workin Z 
When the sparks pass in an atmosphere of coal : 
soot gradually collects. It must be removed ae 
once monthly. The gas should be allowed to stream 
slowly through, and burnt as it escapes, in a small flame 
In the Siemens type of spark gap the insulation of 
the mica washers will sometimes give way and a 
perforation appear. When this happens the condenser 
discharges across the perforation and a small arc 
forms there. The customary sound of the discharge 
is altered and becomes much louder. The anne 


supplied to the machine must be s 
: stopped | 7 
mica washer fitted. : . | so aie 


CHAPTER V 


PuysiococicaL Errecrs oF DIATHERMY 


In this chapter an explanation of the inability of the high-frequency 
(diathermy) current to stimulate the excitable tissues is given. 
Some observations on the influence of diathermy on the blood 
pressure, pulse rate, and the respiratory exchange are made, 
together with some notes on experiments on animals. 


LirtLe experimental work has been done to ascertain 
the influence of diathermy on the body in health. 
Some clinical observations have been made, when 
diathermy has been applied to the body for treatment 
of disease, with the object of testing the effect of the 
heating of parts not involved in the disease ; anda few 
experiments on animals have been made. Further 
investigation of the physiological effects of diathermy 
would give a clearer indication of the morbid states 
for which this method of treatment would be effective. 
When the current generated by the diathermy 
machine is passed through the body no sensation other 
than heat is perceived.* The readiest way of 
demonstrating this is to grasp a cylindrical electrode 
*n each hand and set the machine in operation. 
Nothing whatever is felt at first, but as the strength 
of the current is increased, warmth is perceived in the 
wrists. As the current continues to flow the wrists 
are felt to become hotter, and, at the same time, 
warmth is perceived in the narrower parts of the 
forearms. Gradually the whole of the forearm and 


* Occasionally a sensation resembling that caused by the faradic 
current is felt, and slight contraction of the muscles is noted. This is 
usually due to dryness of the skin in contact with the electrodes, and 
can be abolished by slight damping of the skin. Sometimes the faradic 
sensation is due to an unduly wide spark gap. When this is the 
cause, reduction of the width of the gap will remove the sensation. 
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upper arm perceives the warmth, while the wrists and 
lower parts of the forearms become still hotter. Heat 
is now perceived in the rest of the body, particularly 
the face and chest. When the wrists become very 
hot a curious and unbearable sensation is felt in them, 
and the hands seem to lose their grip of the electrodes, 


Further heating cannot be tolerated and the current — 


must be stopped. a. 
The most striking feature of currents which alternate 
with high frequency is their inability to stimulate the 
excitable tissues. They can be passed through the 
body, and their strength increased to a degree which, 
in the case of constant or low-frequency currents, 
could not be tolerated, and yet no contraction of 
muscle will be noted and no sensation perceived. The 
sensation of warmth mentioned above becomes 
apparent later, but this is not due to direct stimulation 
of the nerves by the current. For many years there 
was no Satisfactory explanation of this peculiar 
phenomenon. Modern research on the electrical 
excitability of muscle and nerve has, however, shed 
light on the subject. The power of an electric 
current to stimulate the excitable tissues is now known 
to depend not only on the strength of the current but 
also on the duration of its flow. When the duration 
of its flow becomes very short the current must be 
made stronger if it is to produce the same response. 
If the duration of its flow is still shorter the current 
must be made still stronger. When, however, the 
duration of flow falls below a certain critical period 
the current loses its power altogether, whatever its 
strength may be, to stimulate the excitable tissues to 
give their customary physiological response. The 
high-frequency current flows for less than this critical 
period of time before it reverses, and is therefore - 
unable to stimulate the excitable tissues. The warmth © 
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which is felt when the high-frequency current rieagens 
the body is due to the actual generation of heat in : 
tissues while the current overcomes their parietes a, 
To generate perceptible heat the density f . 
current (7.¢., its strength per unit oo An 
of path traversed) must be high, lf it 1S low, 
sensation of any kind will be perceived. ne 
A high-frequency current is also unable to pro a 
any chemical (electrolytic) changes in the ee : 
flows for such a short time in either direction be 2 
reversal that it is unable to impart any movement : 
the ions in the tissue fluids. The ions therefore do no 


" migrate to the electrodes and so cannot give up their 


electric charges and form new chemical compounds. 


Some observations on the influence of diathermy on 
the cardio-vascular system. . 


When the temperature of the skin has been raised. 


by diathermy, erythema is produced in the region 
traversed by the current. The degree of erythema 1s 
surprisingly slight considering the temperature to 


which the skin may be raised. Thus, a patient whose 


forearm was being traversed transversely by i 
galvanic current, by way of an electrode placed * soe 
surface, acquired a vivid erythema of the skin, an o 
temperature of the latter rose to 98°6%:' “The sae € 
forearm was subjected to diathermy. Theskin Bae 
the electrode reached a temperature of 100, = 
scarcely any erythema was visible. eee ee t ie 
skin temperature is raised to 103° or 104 aa ema 
is slight. The erythema induced by the ga pear 
current is due to vaso-dilatation reflexly produced by 
stimulation of the sensory nerve endings in the aie 
The high-frequency current 1s unable to ere 
these nerve endings, and the slight erythema 1s Fi 
probably to direct warming of the subcutaneous vessels. 
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Lnfluence of diathermy on the arterial blood pressure.. 


The action of diath | 
ermy on the blood pressure may h,¢ 
investigated in one of two ways :— Len ei 


(1) The current may be passed along the limbs : 


The blood will then be hea 
ted on its passa 
through the latter and its teniperiiice (aan 


(2) The electrodes may be placed on the che 
one on the precordium, the other on the hace 
By | this means the heart muscle, mo . 
particularly the anterior wall, is warmed an 
heart blood will, by this method, be heated! 
\ but to a much lower degree than is the Case 
when the current is passed along the ante 
because its stay in the heart is shorter tha . 
in the arms or legs. | : 


nes oo wile ew iietiche of patients not 
-vascular dis , 
diathermy has been applied for anne Pi a 
ree was passed along the the upper limbs for 
erent periods of time in different cases. When th 
pressure was low at the commencement, the diathenate 
produced little or no fall. If the pressure were high 
at the commencement, diathermy was, in some es - 
not in all, followed by a more pronounced fall. These 
.. in aint when the diathermy was applied 
| Oo to 30 minutes, and the curren | 
oe ee to produce unpleasant and eee 
a : abit elit diathermy, the patient was 
: St, So as to allow the blood pressure si 
. a Stationary value. The Fallowine enone 
illustrate the above-mentioned effects. In the 
the pressure, which was low. at the sohanicnoneunse a 
a diathermy, was only slightly reduced, even af : 
ong application. ra 


The patient (M.B., aet. 21.), who suffered from 


slight, only 6 mm. 
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arthritis, was subjected to general diathermy, the 


current being passed along the upper limbs. The 
following changes in the systolic blood pressure were 
noted:— | | : | : 
Before diathermy we 94 mm. 
After 10 minutes ie 90 mm. 
After 25 minutes Ke 90 mm. 
After 30 minutes a 95 mm. 
After 35 minutes ae 88 mm. 


At the end of the diathermy the oral temperature 
had risen 0°4°, the axillary temperature 1°2°, and the 
groin temperature 0°’. ‘The patient felt comfortably 
warm after the treatment. The fall of pressure was 

On another occasion diathermy was applied to the 
same patient in the same way, but a stronger current 
was used. Before diathermy the pressure was 98 mm. 
After 30 minutes the patient complained of faintness 
and felt dizzy. The pressure was measured and found 
to be 65 mm. ‘The patient felt uncomfortably hot and 
the oral temperature had risen 1°4° (from 98°6° to 

100°). A fall as low as this is, in my experience, very 
rare, and only in one other case have similar 
symptoms followed diathermy, even when prolonged. 

‘In the next case the pressure was relatively high 

before the diathermy. It fell 18 mm. during the 
diathermy. | 
The patient (M.P., at 17) who had suffered from a 
habit chorea, and presented no signs of cardio-vascular 
disease, was subjected to diathermy in the same way 
as the case mentioned above. The following changes 
in the systolic pressure were noted:— : 
Before diathermy ‘128 mm. 
After ro minutes» 118 mm. 
After 30 minutes 112 mm. 
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When diathermy is applied to the zormal subject in 
sufficient amount to raise the internal temperature, 


the results which I usually found were a lowering of 


the systolic pressure and an increase in the pulse 
rate. ; | hee Se 
In the following observation the subject (female, 
eet. 30) was placed on the diathermy condenser couch* 
and allowed to rest there, holding the electrode in 
both hands, so that the current was directed along the 
upper limbs. The apparatus was first set in operation, 
but no current was passed at first, in order to allow 
the pulse rate and pressure to reach a ‘Stationary 
value, and allow any psychic influence to subside. 


Pulse. Tempera- _ Systolic 
EXPERIMENT 1.— ture. pressure. 


At beginning of observation 104 3986 *. 140 
After 5 minutes rest a 92 = =98'6 120 
After 10 minutes rest shh nO 98°6 120. 
After 5 minutes diathermy 102 98.8 116 
After 10 minutes diathermy 106 | 99-4 112 


The figures above show that after 10 minutes the 
pulse rate increased by 14 beats per minute, and that 
the pressure fell 8 mm. The temperature rose 0°8°. 

_In the next observation (female, et. 2 5), diathermy 
was applied in the same way as described above, but 
the current was allowed to flow for 20 minutes after 


the pulse rate and pressure had reached a stationary 
value. 


Tempera- Pulse Systolic 
EXPERIMENT 2.— ture. rate. pressure. 


Before diathermy —__ ... se 98°6 84 122 
After diathermy for 7 minutes ... 99°2 92. Bs 
ay. ; TA yy UGS O29 GGI GA) arae 
* : 20H ere ie. 99'8 04. 104 
In the above-described experiments the diathermy 
influenced the cardio-vascular system indirectly by 


* This method of applying diathermy is described on D. 73: 
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raising the temperature of the blood. When the 


electrodes are placed, one on the przecordium, the 
other on the back, so as to direct the current through 
the heart, a very much wider path is provided for the 
current than that formed by the upper limbs. The 


resistance is therefore much less, and less heat is 


generated. And since the blood takes less time to 
pass through the heart than along the upper limbs, 
it will receive but little heating, and the temperature 
of the body will rise less quickly, and a strong current 

ill be required to cause a rise. | 
Bic ve current is directed through the heart, 
and arise of the internal temperature by one degree 
or more takes place, the effects on the pulse rate and 
blood pressure are, In my experience, the same as 
those obtained when the current 1s directed along the 
upper limbs, viz., a fall of systolic pressure and an 
increase of pulse rate. _ oe : 

The figures obtained in one of the experiments are 
:.. shit me -° Tempera-._— Pulse. Systolic 
EXPERIMENT 3.— | 3 ture. Pressure. 


Before diathermy _... LOU I 3 
After 5 minutes diathermy ... 97°3 120 

- rominutes’ +,” bas? OF sy 
15 minutes 3 » 983 | ne 
ZO MMUNUCES 06, aa OSE i. 116. 


9? 


3 


The pulse rate increased by 6, and the syoteae 
pressure fell 14mm. The temperature rose 1'2". In 
order to obtain a rise of this amount in 20 minutes, it 
was found that an electrode larger than that corre- 
sponding to the surface marking of the heart mee 
required, and the current had to be correspondingly 
increased. If a smaller electrode were used, the 
‘temperature of the underlying skin soon became very 


hot before the internal temperature rose higher than. 


a small fraction of a degree. 
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In the next experiment a smaller electrode, equal a 
9 pt 


im area to the preecordium, was used. The skin 


temperature under the electrode was raised as high 


as could be borne without discomfort. - The internal 
temperature rose 04° in 20 minutes. The pulse rate 
and systolic pressure were inappreciably altered 


EXPERIMENT 4.— 
Before diathermy ‘8 
After 5 minutes diathermy ... es 108 
» 10 minutes A Ls O79 2 ohh ORs 
, 45 minutes : .. Q8'o 3 102, 
,, 20 minutes i 982 ee : 


ture. Pressure. 


It appears, then, that when the internal temperature 
of the body is raised one or more degrees above its 
customary normal the pulse rate increases, and the 
systolic pressure falls. When the electrode is placed 
on the preecordium, and the diathermy does not cause 
an appreciable rise of the internal (oral) temperature 
the results are not constant. In Experiment 4 shee 
was little appreciable effect. In some experiments a 
slight fall of systolic pressure followed without in- 
crease of pulse rate. In one experiment a rise of 
pressure was obtained (the pulse rate remaining un 
changed) after a slight degree of diathermy Tie | 
might have been due to a stimulation of the canciae 
muscle by a very slight degree of heat. Subsequent 
ee hey made with the endeavour to raise 
e pressure slig | 
a nae ght degrees of diathermy, but 
_ Accurate observations on the influence of diathermy 
on the blood pressure are not easy to make The 
psychic effect of the machine and of the na eee ta 
can easily explain a rise of pressure and increase of 
pulse rate, and obscure any effect which the diathermy 
may cause. The fall of pressure and increase of ee 


Tempera- Pulse. Systolic | 
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rate are frequently slight, but as these changes have 


-peen noted in a fair proportion of normal subjects, 
when precautions were taken to remove extraneous 


influence, the changes above-noted may reasonably be 


regarded as the effect of diathermy on the normal 


cardio-vascular system. | 
Influence of diathermy on the respiratory exchange.— 
Some interesting observations were made on the 
respiratory exchange during and alter diathermy by 
Réchou (quoted by Bergonieé, Archiv. d' Elect Med., 
March ro, 1913). After diathermy for thirty minutes 
the subject’ was consuming less oxygen and giving off 
less carbon dioxide. At the beginning of the 
diathermy the oxygen intake and the carbon dioxide 
output both increased. Before the diathermy, the 
oxygen consumed (during ten minutes) was 2.95 


‘litres. At the beginning of the diathermy, the 


oxygen consumption was 3°63 litres, but after the 
diathermy had lasted for thirty minutes it fell to 2°14 
litres. The figures for the carbon dioxide output 
were—before diathermy, 2°62 litres ; at the beginning 


of diathermy, 316 litres; after thirty minutes 


diathermy, 1°96 litres. The final effect of the 
diathermy, therefore, was to spare the thermogenic 
mechanism of the body; less heat was formed within 
as more was supplied from without. Diathermy could 
also replace part of the food required, and so rest the 
digestive apparatus. 

Some interesting results might follow experimental 
work on diathermy, localised, as far as possible, to 
different organs such as the brain, and spinal cord 
and kidneys. 
~ Réchou found acetone in the urine of fat subjects 
heated by diathermy. - 1 | 

Experiments on Animals.—Some experiments on 
animals were performed by Nagelschmidt, and have 
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been published in his Lehrbuch der Diathermie. In 


some of these, the exposed heart of a dog was 
subjected to diathermy by means of electrodes placed 
directly on the organ. The effect of raising the 
temperature of the muscle was at once to accelerate 
the rate of beat. In some cases the rate was doubled. 
At the same time the blood pressure rose. After the 
cessation of the diathermy the pressure began to fall 
and the pulse rate to decrease, and in a few minutes 
both reached their original values. 

In another experiment one electrode was placedk on 
the spine, the other on the sternum of a narcotised 
dog. The effect of the diathermy current (500 
milliamperes) directed antero-posteriorly was to cause, 
after twenty seconds, a slight rise of blood pressure. 
It stayed at a constant level during the diathermy 
and slowly fell after the diathermy was discontinued. 
When the electrodes were placed on the lateral aspect 
of the thorax, one on each side, the amplitude of the 
respiration was slightly increased while using the 
Same strength of current. When the current was 
increased to 1,700 milliamperes the respirations were 
deeper and slightly less frequent. The pulse rate was 
Slightly accelerated. After the diathermy the respir- 
ation regained its former character. The temperature 
in the mediastinum rose 3°6° F. Further increase of 
the current deepened and markedly slowed the 
respiration, and, finally, breathing stopped. The 
mediastinum temperature now was raised by-7:22:F. 

The temperature of the brain can be raised in 
the living animal by diathermy when electrodes are 
placed on the exterior of the skull. Clcetta and 
Waser (Archiv. fir Experimentale Pathologie und 
Pharmakologie, June 25, 1914) showed a rise of 
one degree Centigrade in the lateral ventricle of a 
dog after diathermy for ten minutes. The tempera- 
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ture fell to normal in ten minutes after stopping the 
diathermy. 

Nagelschmidt applied diathernay Hic the medutle 
oblongata of a dog, and the respirations assumed a 
deep gasping character, probably from heating of. the 
respiratory centre. 


} 


2 CMAPTERGV I 2 Ae 
In this chapter are described some experiments made. on the living 
subject to ascertain the elevation of temperature of different parts 


of the circuit of the diathermy current. The path of the current 


is discussed and the position in which the electrodes should be 
placed for various purposes is mentioned. ee 

Tue following experiments were made in order to 
ascertain the degree to which the temperature of 
different regions of the body could be raised by the 
diathermy current, and the distribution of the heat 
in different regions when the electrodes are placed at 
a distance from each other, including between them 
tissues of different resistance and paths of different 
length. The path which high-frequency currents 
take in the body is not known with certainty. The 
rise of temperature on different parts of the path 
between the electrodes affords some clue* and gives 
an indication of the position in which the electrodes 
should be placed when diathermy is administered to 
different parts for medical purposes. | 


EXPERIMENT 1.—A current of 0°4 amp. was passed for 20 
minutes. A cylindrical metal electrode was grasped in each 
hand. The subject of this experiment was seated, and the 
elbows and knees were semi-flexed. 


The following rises of temperature were noted in different 
regions :— | 
Front of wrist 6° (from 94 to 100). 
Front of elbow 4° (from 95 to gg). 
Axilla - 274° (from 98°8 to 1o1'2). 
Mouth - ~~ 2°6° (from 97°6 to 100°2). 
Groin - — 1°2° (from g8°8 to 100). 
Popliteal space 3° (from 98 to 101). 
Between first and second toes no rise was noted. 


* The rise of temperature in the regions enclosed between the electrodes — 


may not be due to the actual passage of current through them. For 
medical purposes, however, the current is used for the production of 
heat, and the way in which the heat is generated is of secondary 
importance. 
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' bs “his experiment shows that the passage of the 
jathermy current from hand to hand along the upper 


ae - 
tg 
ere 
a 
Cras 
ae 


pe xt 
ess 
y mh 


extremities caused a rise of temperature, not only of 
the upper limbs, but also of other parts of the body. 
The amount of the rise varied in different regions, 


put was higher in the upper limbs than in more 


q remote parts such as the groin and knee. The 
4g temperatures recorded were, strictly speaking, skin 


temperatures, except that noted in the mouth, which 
may be regarded as the temperature of the interior. 


of the body. ey 


‘The difference in the amount of the rise in different 


q . parts can be explained in the following way :— 
The arms and forearms form a narrow path for the 
current and so offer a high resistance. The wrist, 


being the narrowest part, offers the highest resistance, 
and so feels the heat first and attains the highest 
temperature. | : | 

The rise of temperature in other parts, such as the 
mouth, groin, etc., is not due to the passage of the 
current along them. The exact path- which the 
current takes in the tissues is not accurately known, 
but if we assume that when it passes across the trunk 
its lines of flow diverge, its density must, in con- 
sequence, fall considerably, while in distant parts, 
such as the mouth and. lower limbs, the density must 
be infinitesimally low, and its heating power nil. If, 


on the other hand, the current flows direct, by the 


shortest path, across the trunk, from shoulder to 
shoulder, without any deviation, it will not reach the 
lower part of the trunk or lower limbs or head. 
Another reason must, therefore, be sought for the rise 
of temperature in these. parts. : 

The rise is due, doubtless, to the circulation through 
them of blood heated in its passage along the hot 
arms and forearms. The current, in its passage along 
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the upper.limbs, heats not only the fixed tissues but _ 


also the circulating fluids. The heated blood passes 
to other parts of the body and a rise of temperature 


can be recorded where the heat is not too Hap 


lost. 


The distribution of the heat i in the upper extremities 
is not uniform. The maximum degree of heat is felt 


and recorded in the narrowest parts, viz., the wrists. 
The front of the wrist reaches a higher temperature 


than the back, and the anterior part of the elbow 


becomes hotter than the posterior. If the operator 
holds the electrodes and passes the current along his 
arms he will note these differences. The front of the 
forearm will also feel hotter than the back. 
EXPERIMENT 2.—A current of o°5 amp. was passed from 
hand to hand. The following rises of temperature were 
recorded in the elbow after the current had passed for Io 


minutes. The elbow was maintained in a position of full 
extension :— 


Front of elbow - - - 6°5° (from 93°5 to 100). 

Back of elbow (by side of olecranon) 5° (from go to 95). 

In this experiment the current had to be interrupted 
after ten minutes, because the heat became intolerable. 
in the wrists and the hold on.the electrode could not 


be maintained. In the next experiment a current of | 


0°65 amp. was passed from hand to hand. After four 


minutes it had to be switched off. The ee 


rises of temperature were recorded :-— 


EXPERIMENT 3. Front of wrist. Back of wrist. 
After 2 minutes - 12° (from gt to 103). - 9° (from 86 to 95). 
After 3 minutes - 16° (from gi to 107). - 13° (from 86 to 99). 


After 4 minutes - 20° (from 91 to 111). - 16° (from 86 to 102). : 


The last two experiments show that the temperature 
rose higher on the flexor aspect of the wrist and 
elbow than on the extensor aspect. This is probably 
due to the fact that the posterior (extensor). region of 


the wrist and elbow is occupied mainly by cartilage 


ELEVATION OF BODY TEMPERATURE BD 


* | and a ap Wewe tissues offer a higher resistance 


to the current than the vessels, tendons, etc., which 
occupy the anterior (flexor) region. The major portion : 
of the current, therefore, travels along the latter region. 

If the current is passed along the limb when the 


joint is flexed, a still greater difference i is seen in the 
rise of the pw on the flexor and extensor 


region. | 
_ EXPERIMENT 4. —Current of o: 5 amp. passed for 10 minutes 
from hand to hand, elbows flexed to a right angle. The 


following rises of temperature were noted:— — 


Front of elbow : - 9'2° (from 93 to 102°2). 
Back of elbow (by side of Sleaony: 3°4° (from 88 to 91°4). 
This considerably greater rise of temperature on 
the front of the elbow when flexed is probably due 
to the fact that the path for the current is shorter 


along the flexor region, and so has a lower resistance. 


Also, as pointed out above, less resistant tissues lie 
in the flexor region. 

When an electrode is placed on the in and the 
wrist flexed to a right angle, the major. portion of 


‘the current will flow along the anterior region of the 


wrist, which, consequently, will be heated to a higher 
temperature than the posterior region. Along the 
anterior region are the shorter path and the less 
resistant tissues. If, on the contrary, the electrode 
is placed on the back of the hand and the wrist dorsi- 
flexed as far as possible, the shorter path for the 
current will be along more resistant tissues, and 
there will be less difference between the temperatures 
attained on the posterior and anterior surfaces of the 
wrist. 

EXPERIMENT 5.——Electrode on palm. Pulenacthuea of 


' wrist. Current passed for 10 minutes. The following rises 


of temperature were noted:— 
Anterior aspect of wrist 16° (from 89 to 105). 
Posterior aspect of wrist 6° (from 89 to 95). 
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EXPERIMENT 6.—Electrode on back of hand. Dorst-flexion 


of wrist. Current passed for 10 minutes. The following 


rises were noted :— 


Anterior aspect of wrist 12° (from 93 to boa 
Posterior aspect of wrist 12° (from 92 to 104). 


When the current is directed along the lower ex- 


tremities, by way of metal plate electrodes placed in 


contact with. the soles, the ankles feel the heat first 
and attain the highest temperature; the thighs feel 


the heat last, and their temperature rises only slightly. _ 


The trunk, head, neck, and upper limbs are heated 
indirectly by means of the circulating blood. 


EXPERIMENT 7.—Same subj i : itti 

Po gate : ject asin Experiment 1. Sitting 
position with knees semi-flexed. A current of 0-7 amp. ee 
Dea, Bee sole to sole, along the lower limbs, across the 
runk, for 20 minutes. The following ri . 
Were noted es | ring ne oe temperature 


Front of ankle 10° (from 94 to 104). 
Popliteal space 185° (from ge to ay ge | 
Groin . - — 1° (from gg to 100). : 

: Mouth - 1° (from 98°2 to 99°2). 
Wrist No rise noted. 


The subject felt the maximum heat in the ankles and 
the back of the knee. Other parts of the: body 
experienced a sensation of increased warmth, but less 
SO than when the current was directed along the upper 
limbs. As in the first experiment, the current was. 
adjusted so that the heat could be tolerated in the 
narrowest parts without discomfort. : 


The difference in the temperature of the back dha | 


front of the knee was very evident, even to the touch. 
As in the case of the upper limbs, the difference is 
more evident when the knee is flexed than when 
it is extended. This. is shown by the following 
experiments :— | | : 
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“EXPERIMENT 8.—Knee flexed to “right angle. Current 


directed from calf to calf. The following rises of temperature 


were noted SES 
Front of knee - 2° after 5 minutes, 3° after 10 minutes. 


(gt to 93) (gt to 94). | 
Back of knee - g° after 5 minutes, 11° after ro minutes. ~ 


(94 to 103). | (94 to I 05). 


EXPERIMENT 9.—Knee extended. T he following rises were 
moted:— 


Front of knee - 6° after minutes, 10° after 10 minutes. 


| | (91 to 97). (91 to 101). 
Back of knee - 7° after 5 minutes, 14° after 10 minutes. 


(93 to 100). (93 tor 07). 


~. When the soles rest on the electrodes and the 


current is passed along the lower limbs, the toes and 
front portion of the feet do not feel any warmth, even 


a though the ankles become very hot. The difference 


is very apparent to the touch. If the current is 
passed from sole to sole of a subject whose feet are 
cyanosed, a good ocular demonstration is obtained of 
the distribution of the heat. The toes and anterior. 
portions of the feet retain their livid appearance, while 
the ankles and the parts of the feet immediately below, 
gradually acquire a red hue. te | 

When the diathermy current is directed across the 
trunk, the subject feels heat in the skin where covered 


by the electrodes. The general sensation of warmth, 
_ which was felt to pervade gradually the whole body 


when the current was directed along the limbs, is not 
perceived unless the current flows for much longer 
than twenty minutes. | | 


EXPERIMENT 10.-—Circular metal plate electrodes, 3in. 1 
diameter, were placed on the trunk, one on the abdominal 
wall below the umbilicus, the other on the lower lumbar 
region. Acurrent of 08 amp. was passed for 20 minutes. 
The following rises of temperature were noted :—— 
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Skin under abdominal electrode - 4° (from 95 to 99). 
Skin under lumbar electrode  - 9° (from 92 to ror. 
Mouth - oy ie - - 0'4° (from 99.6 to 1 00). 
Axilla ~ - - ~ - 0°6° (from gg-2to 99°8). 
Popliteal space .- - - »"- Novrise. eke 


It is seen, in this experiment, that the temperature 


of distant parts, and the internal temperature (as 
registered. in the mouth) showed a very small rise, © 


considerably less than that noted after the current had 


passed for the same period of time along the limbs. - 


_ As mentioned before, the rise of temperature of distant 
parts is due to the circulation of heated blood. The 
blood is heated most when the diathermy current is 
passed along the limbs, because it flows along the same 
general direction as the current, and is exposed to the 


heating action of the current for a relatively long time. - 


When the current passes through the abdomen the 
conditions are different. There is no direct flow of 
blood across the trunk between electrodes placed back 
and front of the abdomen. _ It flows in all directions, 
its general course being longitudinal rather than 
transverse. The general direction of the diathermy 
current in Experiment 10 was transverse. If the 
current travels direct from electrode to electrode, the 
blood would pass into and out of the path of the 
current before it was heated. If, however, the current 
takes a more circuitous path, its density will be 
greatly lessened and its heating power diminished. 
In either case the current cannot heat the blood more 
than a trifling amount. | 

When the current is passed through the abdomen 


or chest, demonstration of the rise of temperature (if 


any) in the contained organs is, in the case of the 
normal subject, impossible. The organs are very 
vascular, and the proportion of circulating fluid to 
fixed tissue is, in them, larger than in the case of the 


|. aC aia or thoracic organs can be more 
_ »» ickly conducted away by the blood. _ If electrodes 
z of large surface are used, of a size sufficient ‘ sagen 
_ the front and back of the abdomen complete yi t 4 
density of the current will be greatly diminished, an : 
- with the machines at present available, little rise o 
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mposing alimb. Therefore, heat generated 


temperature will be noted, even in the skin.* If 


7 smaller electrodes are used a rise of the skin temper- 


ature can be brought about. If, however, the lines of 


flow of the current diverge on their passage into the 


trunk, the density of the current will fall and its 
wer to generate heat in the abdomen will be greatly 
jJessened. Itis therefore unlikely that the mae ant He 
in the interior of the abdomen or chest will be raised 
directly, at any rate, raised sufficiently to affect an 


a ordinary thermometer. Long continued passage of 


the current will, however, raise the temperature of ey 
blood so that the abdominal organs will be heate 
together with other parts of the body. : 

The following observations were made in order to 
ascertain whether (in the cases tried) any rise of 
temperature could be detected in the abdomen after 


| passage of the diathermy current :— 


‘EXPERIMENT I1.—A patient, the subject of a former opera- 


tion for pyo-nephritis, had a sinus leading to the region of the 


| Cet the other 
ki . One electrode was placed on the abdomen, the 
Eine back, so as to cover the surface marking of the kidney. 
A clinical thermometer was placed in the sinus. A sete 
of 1:2 amp. was passed for 20 minutes. At the end of this 


‘time the thermometer indicated no rise of temperature, 


although the skin was made as hot as the patient could bear 
without discomfort. _ ; 7 ae 
EXPERIMENT. 12.—A thermometer was placed with its bulb 


* When the body is placed on a condenser couch, designed for pe lobss 
the. diathermy machine, larger electrodes can be_ uaed an an 
appreciable amount of heat generated. This couch is descr 
p. 72 and illustrated in Fig. 19, p. 73. 


eos 
= SSS SS = 


35 SS SSS SS 


a 


60 ,s DIATHERMY 


in the posterior fornix vaginze of a patient, and electrodes 


were placed on the pubes and lower hypogastric, and gluteal 


regions. After 30 minutes the following rises of temperature — | 


were noted :— : ; 
_ Posterior fornix 0°4° (99:2 to 99°6). 
Mouth - 04° (98-4 to 98-8). 


In Experiment 12 the temperature of the interior of 


the pelvis was raised, but not more than the internal 


temperature (as registered in the mouth); pelvic and _ 


oral temperatures rose pari passu. This may be 
explained in the following way: the current heated 
not only the fixed pelvic tissues but their contained 
blood and lymph. As a result of the heating of the 
circulating fluids the general temperature of the body 
rose gradually. The failure of the pelvic tissues to 
attain a higher temperature than that of the blood was 
due probably to the vascularity of the pelvic organs 
and the conduction of the heat from them by the blood. 
_ The temperature of the pelvic organs can be raised 
(together with that of the rest of the interior of the 
body) by passing the current through other parts 
away from the pelvis. Thus, a current was passed 
from arm to arm, and the pelvic temperature rose 0°6° 
(from 99°4 to 100). The oral temperature rose a 
similar amount. ce : oe 
Path of the diathermy current in the body.—The path 
which currents, oscillating with high-frequency, take 
in the body is not known with certainty. When they 


travel along metal conductors they are confined almost _ 


wholly to the surface. This restriction to the surface 
is spoken of as the “skin effect.” The body, however, 

is a conductor of a different kind, viz., an electrolyte, 
and its power to conduct the high-frequency (and 
other) currents is due to the presence of the ions in 
the tissue fluids. . | ate a 

In their passage through saline solutions high- 
frequency currents do not show this preference for 
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| _layé "A | passed a_ high- 
a surface layers. D’Arsonva 
! Be ency current along a cylindrical conductor 


mposed of 07 per cent. salt solution and found that 
i Pic ent, in the centre and at the periphery, did not 
for sensibly in intensity. . | 
a body, however, 1s a conductor of a most 


complicated kind. Not only is it composed of different 
: |. sues, each presenting a different resistance, but it 1s 
a permeated with a network of vessels of different sizes, 


‘ne in all directions and containing conducting 
ea. viz. ae and lymph. There is, in addition, 
the Bin: which, of all the tissues, presents the ee 
D iroen ve current passes along a_ limb it does not 
confine itself to the skin. D’Arsonval showed that = 

assing a high-frequency current along the hind lim : 
of a rabbit, the deep tissues as well as the skin rie 
be coagulated by the heat. An experiment id 
Maragliano showed that high-frequency aoe : 
penetrate the skin. A small electric lamp was Pp ne | 
in the thorax of a dog, with its poles connected to 


metal plates placed one in each pleural cavity. When 


electrodes were placed on the exterior of the chest and 


connected to a source of high-frequency current the 


amp became incandescent. ais 
: We may conclude from this experience that the 


~ current passes through the skin under the electrodes. 


‘What its exact course is after passing through the yee 
cannot be said with certainty. It probably se oa 
confine itself entirely to the less resistant super 
fasciee after passing through the more resistant ‘ ie 
If it did, the skin should develop the same aoa . | 
on both sides of the limb. But it has beets ne ad 
the experiments that’ the temperature of the skin. 


the extensor region does not rise the same amount as 


the temperature of the skin on. the flexor aspect. 
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In all probability, therefore, the current-distributes 
itself throughout the tissues, less travelling by Way of 


the more resistant tissues and vice versa. Further proof 
of the penetration of the current into the deep tissues 


can be demonstrated by the following experiment :— 


EXPERIMENT 13.—The two palms, thoroughly moistened 
with saline, were pressed together, so that the thenar and 
hypothenar eminences made good contact over as large an 
area as possible. Electrodes were placed on the back of each 
hand. A thermometer was inserted, so that its bulb lay in. 

_ the shallow depression between the thenar and hypothenar 
eminences. This depression was then obliterated by firm 
pressure together of the opposing palms. A current of rg 
amp. was passed for six minutes. The thermometer showed 
a rise of 7° (95 to 102). 


Further proof of the penetration of the current is 
afforded by the coagulation of tissue for some distance 
under the electrode when strong currents are used 
for surgical purposes. A large fungating mass of 
growth, arising from the neck of a patient, was 
traversed by the current. A circular electrode, # in. 
in diameter, was placed on it, and a thermometer was 
thrust in the growth so that its bulb lay about 1 in, 


below the electrode. Another electrode, a large metal — 


plate, was placed on the chest. On increasing the 
current the thermometer was seentorise. A temper- 
ature of 130° F. was quickly reached, and could 
have been exceeded. (The object in this case, was to 
raise the growth to the supposed minimum lethal 
temperature for new growths of malignant type.) 
When the current is directed along a limb it is 
confined to a relatively narrow path. When, however, 
the electrodes are placed on the trunk, a number of 
paths are presented to the current. Whether its 
course Is entirely confined to the region included 
between the electrodes, or whether it travels in 


addition along outlying regions, has not been settled, 
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 pecause of the difficulties that lie in the way of direct 


investigation. It may be said, however, that wide 
divergence of the lines of flow of the current would 
mean great lowering of density of the current, and 
little, if any, development of heat. In Experiment 10, 
‘+ was found that a rise of 0'4” was obtained in the 


mouth and 0°6° in the axilla. It is not likely that this 
‘rise was due to the heating of the blood in the skin 
‘under the electrodes, where the current density was. 


high, because the amount of blood passing through 
these small areas of skin was small, particularly as the 
electrodes were pressed against the body, and. must 
have caused some compression of the vessels. It is: 
more likely that the current took a more direct path 
in the trunk between the electrodes without much 
lowering of its density. ane 

The so-called “edge effect.’—li both electrodes are 
placed on the same aspect of a limb or the trunk, 
there will be a shorter path for the current between 
the edges that are closest than between those that 
are furthest apart. Consequently there will be more — 
heating of the tissues under those parts of the elec- 
trodes which are closest together. The difference 1s. 


striking if the electrodes are placed together. An 


example is shown in the following experiment :— 


EXPERIMENT 14.—Two electrodes were placed on the 
extensor aspect of theforearm. The electrodes were 3 in. 


. in diameter and their nearest edges were 1 in. apart. At the 


commencement of the diathermy the temperature under each 
electrode was 92°. After the diathermy the temperature of 
the skin under the centre of each electrode had risen 8°, and 
under the edges which were nearest together the temperature 
rose 21° (to 113°). The erythema was most evident in the 
regions where the temperature was highest, and it was. not 
apparent where the electrodes were furthest apart. 


Practical conclusions.—The above described experi- 
ments give some indication of the position in which to : 
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place the electrodes when it is wished to i 


diathermy, for medical purposes, elther to the whole 


body or to a region of it. If it is desired to raise the 


temperature of the whole body, the easiest way tod 

it 18 to pass the current along the limbs. The latt ; 
will be heated directly, by the current; and the thor 
and abdominal viscera, and the contents of oe a 
will be heated cndirectly, by the blood, this fluid h ne 
been heated in the limbs, i 

hen it is wished to apply diather ole 

electrodes should be se on opposite angaee 
anterior and the other posterior, and afterwards ope 
on each side when possible. If the current is i. 
oe eelly along a limb, the major portion will 
nig ong the better conducting tissues outside the 


With regard to the feet and hands, one electrode - 


should be placed on the sole or 
palm, the oth 
dorsum of the foot or back of hand. aie, 


CHAPTER VIl. 
MepicaL DIATHERMY. | 


By medical diathermy is meant the heating-through 
of parts of the body which are the seat of disease to 


a temperature insufficient to destroy the tissues or 


impair their vitality. The therapeutic properties of 
heat are well known, but by the methods of application 
hitherto used, it is restricted to the surface. When 
the diathermy current is used, parts which are beyond 
the reach of heat applied to the surface can be warmed, 
and the therapeutic properties of heat on the deeper 
parts can be tested. Experience with diathermy has 
shown that in certain cases deep heating is more 
effective than surface heating, and can sometimes cure 


or relieve where surface heating fails. 


Section I. 
| Methods of applying the current. 
The current is led to the body by flexible cables 


: well covered with a thick coating of suitable insulat- 


ing material. They should not exceed 4 feet in length. 


_ They are connected to electrodes which are placed in 
contact with the body. | 


Electyodes.—The simplest and most generally used 
electrodes are metal plates of various sizes. Each is 
provided with a terminal for attachment of the cable. 
They can be made of thin aluminium or copper. Sheet 

lead is more suitable. This metal is sufficiently pliable 

and can be bent so as to make even and uniform 

contact with different parts of the body where the 

surface is smooth and not irregular. 3 inch (1 mm.) 
65 
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| | | : in the pad, the rise of tem- | 
| | is a suitable thickness, and the following are useful [f a thermometer is placed in t es eae dined | 
i" | | stock’ sizes = : ad perature will be noted. If the pa is "0 Rly he e 
dl Circular, 2 cm. ; 4cm.; 6cm.; 9cm. in diameter. solution, of a strength of about one tablespoon | 
i 


pint of water, its resistance will be lower than that of © 
the skin and it will not be heated to a higher degree 
than the skin. It will be heated, not directly by the 
current, but passively by conduction from the es | 
ally heated skin. Two tablespoonfuls of salt to the — | ) 
pint would make a solution of amply sufficient | | 
at pet be asked whether it is better to use dry | | | 
metal electrodes or interpose a moistened pad. If the | | 
skin remains dry during the passage of the current its | 
resistance will be higher than that of the Ba S 
tissues, and, in consequence, it will be more bee A | | 
If, then, it is desired to raise the skin to a igher | 
temperature than that of the underlying parts, it 1s a 
better to use bare metal eleotrodes. When, however, | 
it is wished to heat the eee: parts the 
ed pads should be interposed. 
Dee ieee medical electrodes are made. ms 
are composed of lead lamelle, with a thin sheet " 
insulating material fixed to the surface which is no 
in contact with the body. These soon fall apart after 
much use. Others are chamois leather bags filled 
with shot. They are heavy and pliable, and more ] 
readily keep their position and retain the ns 
- of an irregular surface to which they may be applied, | 
such as the ankle joint. These electrodes must be | 
soaked in salt solution so that the current can pass © | 
through the chamois leather. The salt, however, q 
corrodes the shot, so that many bad contacts are | 


Rectangular, 4 by 64 cm.; 44 by 10 cm.; 5 by 
12cm.; 10 by 20cm. | 
Square, 15 by 15 cm.; 20 by 20 cm. 
These electrodes are for application to the external 
surface of the body. | ae 
| Application of electrodes.—They can be placed either © 
| in direct contact with the skin or with an absorbent 
| pad, thoroughly soaked in salt solution, interposed. © 
| It is of great importance that the electrodes should 
| make even and uniform contact with the skin at all — 
points, otherwise the current will be stronger at some 
parts than at others and burns may be produced. 
| Such contact can be easily made where the external 
| surface of the body is flat, or evenly curved, as in the 
| region of the abdomen, thighs, etc. When, however, 
| the surface is uneven and irregular, as on the knee, 
| ankle, etc., even contact cannot be obtained with meta] 
| plates, so that it is necessary to interpose moistened 
| pads. 
| If bare metal electrodes are placed in direct contact 
| with a very dry skin, the patient may feel a tingling 
| sensation like that experienced when a faradic current 
| is passing This faradic sensation may be abolished 
by slightly damping the skin with water. If the skin 
is covered with hair it is necessary to interpose the 
moistened pad, otherwise a very disagreeable prickling 
and burning sensation will be felt. | 
| The pads may be made of felt or of layers of lint. 
| 
| 


A quarter of an inch is a suitable thickness. They 


1 AW _ ee resistance is offered 

i} | | must be soaked in strong salt solution. Tap water _ [. +~=made, and, ae ae eee undue | | 

Wd | i. his form of electrode. ; q 
| will not do. because it offers too high a resistance to | by this 1 Ce ln onder thal he pant to i 
| the current. If used, its temperature would con-— DS Situation of a Uiconsh tn we cure ie 
i _ tinuously rise and the skin might easily be scalded. i be treated may be heate § é 
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necessary that the current should be evenly dis. 
tributed through it. To bring this about, as far as it 
is possible, it is necessary to arrange the electrodes 
in suitable positions. It has already been mentioneq 
that the path which the high-frequency current takes 
between the electrodes is not known with certainty 
and is very difficult to ascertain in such a complex 


conductor as the living body, composed, as it is, of 


tissues of different resistance and permeated by circu_ 


lating fluids. Some experimental observations on the 
subject were made (see Chapter VI), and it may be 
assumed, until the question is decided beyond doubt 


that the current travels, in greater part, along the 


shortest path, and when tissues of different resistance 
constitute the path, more travels by the less resistant 
than by the more resistant conductors. ec 

Suppose that the electrodes were placed, side by 
side, on a flat surface, the major portion of the current 


will flow through the part lying between the edges © 


that are closest together, and it is unlikely that it will 
pass deeply below the skin. The parts lying under 
the electrodes away from the edges will receive less 
and less current as the distance between them in- 
creases, and consequently less and less heat. Thus, 


if it is wished to heat the knee joint throughout, the — 


electrodes should not be placed one above and one 
below, They should be placed on Opposite aspects 
one in front and the other behind, or’ one on cack 
side. When fixing them in these last-mentioned 
positions it is necessary to arrange that they are, as 
far as possible, equidistant. If they are wide and page 
too far around the circumference, the edges of one 
will come too close to those of the other on the 
opposite side, and when the current is flowing, the 
major portion will pass through only a small and 
superficial part of the joint in the region of the closely 


opposed 
go as to 
of the joint would be uncovered and would receive 
 jittle or no current. If, however, after the first appli- 


| | el entuce ° 
4 direction at right angles, the whole of the joint will 
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edges. If the electrodes are reduced in size 
lie in a relatively equidistant position, some 


cation of the current to the joint, the position of the 
ectrodes is altered so that the current flows now in 


have received current and be warmed throughout. 
This is the “cross-fire” method of applying the 
current. It secures the elevation of the temperature 
jn the interior and more central part of the joint, as 
well as in the exterior part. | 
Jf the electrodes are made to encircle the limb, one 
being placed above, the other below the joint, the 
“edge effect,” as it may be. called, will again be pro- 
duced; the larger part of the current entering the 
limb in the region at the edges of the electrodes where 
the latter are closest together, and passing more — 
superficially. The further apart the electrodes are 
placed, above and below, the less is the edge effect, 
and more current will pass to the deeper parts of the 
joint, but the tissues above and below the joint will be 
heated as well as the joint itself. 

When, therefore, itis desired to apply diathermy to 
a joint, the latter will be more effectively heated if the 
electrodes are placed on opposite aspects. 

If the electrodes are placed one above and one 


below a joint, and the latter is flexed, the shorter path 


for the current will be along the flexor aspect, and con- 


q - sequently one part of the joint will be heated more than 


the other. Ifa patient is sitting on a chair with legs 
bent, and one electrode is placed on the back or front 


{ of the thigh, the other on the back of the leg, and the 
current allowed to flaw, the greater heating of the 
popliteal space will be apparent alike to patient and 


operator 
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To heat the toes and the front of the foot the 


electrodes should be placed, one on the dorsum, the 


other on the plantar aspect. In the case of the hand 


and fingers the electrodes should be placed i 
| ced i 
sponding positions. P _ corre 


When only one electrode can be placed on or near 


the part requiring diathermy, the situati ? 
other should be such that we path henrenta 
should be the shortest possible, and, at the same time 
traverse the part to be treated. Thus, if a painful 
area on the back of the thigh required diathermy, one 
(the active) electrode should be placed on this area the 
other (different) electrode should be placed on the 
front of the thigh so that there is the shortest distance 
between thetwo electrodes. The indifferent electrode 
should be larger than the active electrode. | aM 
Regulation of the strength of the current.—When 
electrodes larger than 10 by 20 cm. are placed in 
complete contact with the skin, and the machine 
adjusted to give its maximum output, the density of 
the current will not be high enough to cause unsafe 
heating of the skin. When, however, smaller elec- 
trodes are used the current may reach too high a 
density, and burns may be caused. If there is no 
diminution of sensation of the skin, the patient's feel- 
ing is a safe guide to the degree of heat which can be 
applied without risk, but he should be told to give 
notice when his skin feels hot. The parts underlying 
the electrode should then be examined and felt by the 
operator. ‘This should be repeated from time to time 
The first sign of unsafe heating is the appearance of 
deep erythema of the skin (not the pink flush which 
accompanies the safe maximum heat), (£dema may 
then develop at the spot where the erythema iS most 


intense and a blister form. Those who are inex- 


perienced in the application of diathermy should not 
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a sncrease the current beyond the strength at which 
comfortable warmth is produced. The following table 


ken from Nagelschmidt) shows the safe maximum 
rent strength for electrodes of different sizes :— 
Size of Electrode. | Strength of Current. 
2cm. diameter... ... 0°15 to o'2 amperes 
o°3 to 0'4 : 

to 1'O 


(ta 
cur 


acm. oD 
x 9 cm. 99 eee eoe O'9 


ig) Xy OF cm. |... 2h oo'§), to: 06 
45 x 10cm. sla) ob es| O GO tO OW”, 
( 5 xX 12 cm. ss ier O'Q “tO LO 
| yo X 20 Cm. si sie CADOUE 20 Gn 1c 


When cutaneous sensation is diminished this table will 
provide a guide for the avoidance of unsafe heating. 
If there is complete anzesthesia diathermy should not 
be applied, except by those who have had considerable 


experience. 


It is very important, when parts lying under the 
skin are to be heated, to increase the current slowly 
and allow intervals of a minute or two to elapse 
between each increase. If this is done there will be 


time for the less resistant subcutaneous tissues to 


become hot before the more resistant skin becomes 
unbearably hot. If this current is increased rapidly 
the skin will quickly become too hot, and the current 
will have to be stopped before the parts lying under 
the skin are warmed. 

The condenser couch.—When it is desired to apply 


7 _ diathermy to large regions of the body, such as the 


chest or abdomen, large electrodes have to be used. 
The current then passes through a large section of the 
body, and, as the resistance 1s proportionately low and 
the current-density small, only a slight rise of tempera- 
ture would result. Greater heating can be effected by 
using the diathermy condenser couch. In this method 
one electrode (the active electrode) is placed on the 
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‘end. Of the two at the head end, one lies 


body. The indifferent electrode is a large metal plate a fe the foot Boner extremity and corresponding side 


of approximately the same area as the posterior sur. under eac k. Of the two at the foot end, one lies 
face of the body. It is supported on a couch, The Boi the aan te and lower extremity. The reason of 
patient lies on the couch, but is separated from the a under each hip DF the saetal plate willie explaipel 
plate by a layer of insulating material. The plateis this oe eile tible ia. divided vran ren iy 
connected to one terminal of the diathermy machine “a a shortly. e top he conticuons ends pelthelmeme of 
The other terminal is connected to the electrode “3m Band hinges secure 


Rares =} d (see 
: : ; i a that each division can be raise 
which is placed on the part of the body requiring f the MO he oe end of the couch is a box con- 


treatment. This arrangement constitutes a form of — q Fig. 19 
taining 
divisions of the metal plate, 


condenser. The metal sheet on the couch is one 
plate, the body acts as the other plate, and the in- 
sulating material is the dielectric. Conductors can 


hold much larger charges of electricity when arranged 
as in a condenser, that is, when closely approximated, 


with intervening insulating material. The body can 
therefore hold a much larger quantity of electricity 
when it constitutes one of the plates of a condenser, 
When it is connected to a source of current which 
alternates with high frequency, the charge passes into 
and out of the body with the same frequency. The 


current reaches its highest density in.the region of — 
the electrode on the body, so that the tissues under — 


the electrode receive the maximum heating. 
The couch containing the metal plate covered by 
the insulating material is known as “a condenser 


couch.” These couches have been used for long past © 


for the application of the currents supplied by the 
original high-frequency machines. One has been 
designed for use with the diathermy machine. 
Condenser couch for diathermy.—This was designed 
by Schittenhelm, in’ June, 1or1t:- It is. shownlin 
diagram in Fig. 19. In shape it resembles a long, low 


table. It is made of wood. The top is covered with _ 


thin sheet ebonite. Under the ebonite is placed the 
metal sheet. The latter is divided into four separate 


parts; two lying side by side at the head end, two at 


pole of the diathermy machine. 
q methods may be adopted. 
four divisions of the metal sheet a 
_ pole of the diathermy machine. 
~ then connected to t 


- method the metal ont 


4 electrode is that lying on the body. 


| four 
itches. By means of these, the 
en weet : also the electrode placed 


+s 
i 
q ' i 


0) _ ebonite ptale 
Meise 


FIG. 19.—Condenser couch for diathermy. 7 
in contact with the body, can be connected to either 


1S one of two 
ondenser couch is used, on ) 
ee nay In the first of these, all 


re connected to one 
The other pole is 
he electrode on that part of the 
be subjected to diathermy. In this 
he couch under the insulating 


. 
] ’ Jy i : e 


attains its maximum density in the region of the active 


body which is to 


4 electrode, and the tissues lying under the latter receive 


74 ° DIATHERMY 


the maximum diathermy. By this method it 
possible to raise the tissues to a higher temperature 
than can be reached when both electrodes are placed 
on the body. It should be adopted when a relatively 


large region of the body is to be subjected, to 


diathermy. 3 

In the second method of using the couch, no 
electrode is placed on the body. One or more of the 
divisions of the metal plate are connected to one 
pole of the diathermy machine, and the remaining 
divisions to the other pole. The body is then 
traversed by induced currents. Suppose the two 
lower divisions are connected to one pole and the two 
upper divisions to the other pole. Induced currents 


will then oscillate between the upper and lower 


portions of the body. By suitably adjusting the 


switches in the changing box at the head of the couch, © 


the current may be made to oscillate either between 
opposite sides of the body or between the upper and 
lower halves, or obliquely from the upper portion of 
the body on one side and the lower portion on the 
other side. | 
In this method of using the condenser couch the 
whole of the body can be subjected to diathermy. 
The density of the induced currents is low and only 


a slight degree of heat is felt by the body. The parts — 


which make contact with the couch feel the most heat, 
particularly the hips and back. 


Diathermy of the whole body.—One way of applying | 


diathermy to the whole body is to pass the current 
first along the upper limbs by way of electrodes 
grasped in the hands, and then along the lower limbs - 
by way of electrodes applied to the soles. By this 
method the tissues of the limbs will be heated 
directly, and the trunk, head and neck indirectly, by 
means of the heated blood. 


is 
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ibed in the preceding chapter 
Be ow the “ei to which the temperature of 
terior of the body (as measured in the mouth) 
| f the exterior, in different regions, can be raised 
f currents are passed along the limbs or across 
a? unk. They show that higher temperatures 
at be attained when the current passes along ~ 
a bs than when it passes across the trunk ; in the 
Ber case the current cannot attain a high density 
ce a wider path is provided and therefore little 
nerated. a 
Sten the current is passed along the limbs eh Be 
of electrodes attached to the palms or soles, it s a " 
be slowly increased until a sensation ay ae 
just perceived in the wrists or ankles, and | ae 
not be further strengthened while the bipeee 
increasing. When the wrists or ankles are c 


‘ably hot, without aching, the current should not be © 


further increased.* Ifahigher temperature 1s desired, 


orif the current has been too quickly increased and. 


bearably hot, the 
wrists or ankles become un i 
i irodes should be removed from the palms or soles 


and others fitted around the forearms or legs. 


A quicker rise of temperature and a ai me Pride 
degree may*be obtained by eve the u pi 
couch. The patient seat on Ly oF P 

: ctrode by both hands. — 
Be cube, eet i inch in diameter ee 
inches long. It is connected to one po rig - 

diathermy machine. The other pole is conn era 

the metal plate under the couch. Here, again, 3 

ee oe cr i na eecoa along the ankles it may be 
ayer e a or ee These figures are for wrists and ane a 
Eailt males of average.size. When, for testing purposes, 


i to hand, a strength of 
is di the upper limbs from hand : Nf 
er nay be ncaa: some seconds, but heat soon becomes to 


great to be tolerated. 
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must be slowly increased and Strong heating of the 


Li} ‘ 
a 


 residua 
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1 air in the glass electrode glows with a soe 
The skin quickly becomes hot and acquire 


wrists must be avoided, otherwise the wrists wil] ache 

intensely, and the current must then be Stopped, 

After the current has passed along the upper limbs, = 

it should be passed along the lower limbs by way of 

two electrodes connected together, one ‘secured tg 1m 

each sole. The feet should be supported ona cushion 

so that the electrodes do not come near the ebonite 

top of the couch. | — 
Electrodes for less accessible: regions.—Diathermy can 

be applied to the anal canal and lower part of rectum 

by using a metal tube or rod, $-inch in diameter, as 

an electrode. It is inserted into the rectum. The 

indifferent electrode can be placed successively on the _ 


om thema. Its glands are stimulated, and me 
a vivid ie electrode is gradually covered with ee 
q a ecretion. In this method of applying the 
j id : the heat is chiefly in the epidermis, and - 
: S iably does not penetrate far. There is, however, 
pro 


hort fine 
ee ion of the skin, both by the very s 
| BT ossing between the glass and the skin, and 


3 rk : : egion 
q - ozone and oxides of nitrogen formed in the reg 
_ the 


9 he sparks. After a short application of the ee 
ict fe a strong odour of these gases can be noticee 
4 . Ki The gases are germicidal, and they exert 
j % * ction in the superficial layers of the 
— suc aes 


sacrum, hypogastrium, and each hip, so as to secure 
even heating of all parts in contact with the active 
electrode. 


applied to the vaginal wall and extra-vaginal pelvic 
tissues. | 


In place of the indifferent electrode the condenser © 


couch may be used, the patient lying successively on 
his back, front and sides, to secure even heating. 


Condenser electrodes.—When the diathermy current — 4 


is applied by means of: the so-called vacuum 
electrode, there is, in addition to the heat, a slight | 
stimulation of the skin, and a formation of ozone 
and oxides of nitrogen (N,O; and N,O,).  TVhe 
vacuum electrodes are made of glass, and have 
various shapes—tubes, cones, etc., of various sizes. 
They are partly exhausted till the residual air becomes 
a fairly good conductor. One end of the electrode is 
placed on the skin, and a short platinum wire, which 


is sealed into the other end, is connected to one 


terminal of the diathermy machine. The other terminal 
is connected to an indifferent electrode. When the > 
current is switched on and gradually increased, the 


By a similar method diathermy can bol q 


 occupyin 


idermis.. : d 
se vacuum electrode 1s ae rubbed ini 
: is passing. A stronger 
ile the current is passing. 4 
a os be passed without excessive heating of the 


can th 3 


| ted in a shorter time. 
in, and a larger area treate a’ s 
Be cuum electrodes of suitable size and shape can 
. ina. 
ed in the rectum or vag} | 
Be nother form of condenser electrode is pags poe 
il, and containing a me 
ube filled with oil, an. ! | 
feo ¢ the position of its long axis. This pe 
does not touch the glass. The latter is ey 
Be onite rod, and the metal rod 1s in oe ne 
Beetion with a binding screw for attachment O 
cable leading to the diathermy machine. oe 
The diathermy current does not pass throug 


glass of these condenser electrodes, but charges are 


induced in the part with which the electrode is placed 


1 act. : 
ont Section Il. 


Maladies for which diathermy i8 indicated. 
Diathermy possesses therapeutic value in the treat- 


mS i? . 
ment of maladies for which there are simpler form 
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of treatment, but its value in actual medical] piace q 
actice 


must be tested and decided by the results obtaine; 
in the treatment of cases for which medical treat al 
, lent 


has been given without success, or cases in wh; @ 
simpler and less elaborate forms of electrical gall a 
ment have been unsuccessful, It should al oe 4 
tested in cases in which other forms of treatiaell 4 


are very slow in producing cure or relief, and, lastly 


cna be tried for diseases for which all other forme @ 
ol treatment are known to be ineffective. I have mae q 


tests of this increasing degree of severity during th 
past eight years, in the Electrical Department of St. 


Battholomew’ " 
ews and elsewh a 
HE CULGiiov and obeti ere, on a large number © 

obstinate cases which have resisted _ 


other forms of treatment, both medical and physica]. 
Many failures have occurred, and the maladie il 
which diathermy has been found to be unsucce cat 
will be mentioned in due course. On the othe 
hand, there have been many successful results aa 
it may be claimed, with further experience te 
, diathermy is the method of choice in the treatment EF 
one or more morbid conditions. Much more woul 


must, however, be done, and cases other than the - 


chronic ambulatory type frequenting electrical depart- 
i should be given an extended trial before the 
place which is to be assigned to diathermy j; 
therapeutics can be decided. a 
I have found diathermy most valuable in the 
treatment of the following morbid condition nd 
Symptoms :— he 
1. Patients who complain of feeling constantl 
cold are greatly benefited by diatheueae 
When they suffer at the same time. as hae 
generally do, from various minor “yeni 
such as absence of appetite, dislike of food, 
dyspepsia, depression, lack of. sleep, ete, 


diseases or symptoms for Ww 


j procured Cc 
' of cases has not been treated to warrant a gen 


ag 
i) 
oI 


i 
f' 


~ conclusion. 
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these symptoms usually disappear if no 
organic disease is present. In these patients, 
there is, no doubt, a deficient physiological 
activity, particularly in the process.concerned. 
in the generation of heat and the regulation 
of the body temperature, the latter being 
generally subnormal. 
- Diathermy is often very e 
of pain due to neuritis. | 
_ Patients with symptoms which are due to, or 
accompany, high blood pressure, with arterio- 
sclerosis, sometimes derive great benefit from: 
diathermy. 
des the above-mentioned, there have been other 
hich diathermy has 


onsiderable benefit, but a sufficient number 
eral 


ffective in the relief 


Besi 


These will be mentioned later. 


Section III. - 


of cases of subnormal temperature and 
deficient physiological activity. 


When reviewing the results of treatment of various 
cases by diathermy in order to test the therapeutic 
value of this method, it was noted that some of the 
patients improved considerably in their general health, 
even though the malady for which they were treated 
had not been alleviated or cured. Many of the patients 
were thin and fragile, and complained of feeling con- 
stantly chilly. Cases of this type were afterwards 
more fully investigated, and it was found that 
symptoms, such as loss of appetite, dislike for food, 
dyspepsia, lack of _sleep, depression, etc., were 
commonly present. The temperature was usually sub- 
normal, the extremities cold, and the body weight low, 
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These patients may be regarded as subjects Of 
deficient physiological activity, especially of the pro- 
cesses concerned in the production of heat and the 


maintenance of the normal temperature. For these _ q 
patients diathermy is a rational form of trednmen 4 
supplying the heat which the body cannot produce } 
giving the thermogenetic mechanism a rest and q 
enabling it, in suitable cases, to resume its normal a 


activity. 


The method which I usually adopt is to place the 
patient on a condenser couch, with a cylindrica] 
electrode grasped by both hands. In the absence of 


a condenser couch the patient may recline on a sofa, a 
3 , 


and hold a cylindrical electrode in each hand. When 
possible, daily séances are held, each lasting from 


fifteen minutes to half an hour, until the oral tempera- 
ture rises to normal, or 99°F. The temperature may _ 


be raised higher—to 100° F. if the patient loses the 
sensation of warmth before the next visit, and if there 
is no feeling of discomfort after the treatment 
Occasionally there is a feeling of fatigue if a high 


temperature is attained. It is well to remember that - 


a feeling of dizziness may be noted by the patient on 
getting off the couch after diathermy. In my ex- 
perience this is rare, and—when it has occurred— 
short-lasting. 

Particulars of cases——The particulars of some 
cases will be given to illustrate the results which 
have been obtained. 

Case 1.—The patient was a lady, aged 40, a widow, 
and her occupation involved much walking. She 
complained of pain in the back of her neck and in the 
arm-pit. In addition she suffered from general 
fatigue, coldness (which kept her awake at night) 
and depression. The last mentioned symptoms had 


Eon of considera 


ministered 
raise the temperature and 


symptoms. | 


Method of application and frequency of treatment,— 4 q 
| pefore an 


“tomed to the w 


March 20-25 97°3 


_ Improvement 
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bly longer duration than the pain. 
n | first saw her, her oral temperature was 95°4. 


M ‘1 was due to a peripheral neuritis. | 


The latter 
a e tender 


was treated by diathermy, localised to 
areas. General diathermy was ad- 


to the whole body in the endeavour to 
alleviate the other 


“Tn the accompanying table is shown the number of 
applications over successive periods, the temperature 
9 d after treatment, and the temperature at 
diop.m. These are average temperatures 
The temperatures at 7 a.m. and 1o p.m. 
d by the patient (who had been accus- 
ork) and the same thermometer was 
used throughout. The figures signify the oral 
temperature. 


B 


7 a.m. an 
for the week. 
were measure 


q Average (Average Average rere No, of 

a: Tempera- empera- | Tempera- empera- | applications 

% Period of peeuent | «ureat |ture before| ture just ture at iS OR 

| and observation, 7am. |diathermy.| after 1I0p.m. | diathermy. 
diathermy, 


_ February 4-10 u a54) | OR7 5 
[February 11-17 | 962 | 965 | 983 | 967 5 
_ February 18-24 | 96°9 97°16 | 9876 | 96°85 5 
_ Feb. 25-Mar. I 96'7 97°3 98°8 96°9 4 
_ March 9-19 yi | 972 | o87e | 9787 | 
ns e 97°3 

MeMar.27-Apl.I | 9770 an ue 97°0 
@ April 2-8 98 e 98'I 

| in the patient’s condition soon 
‘commenced. The absence of the feeling of cold 
‘during the night was first noticed, and sleep was 
‘readily obtained. Appetite returned, and the feeling 
of fatigue diminished. The pain was not alleviated 
by the rise of the body temperature, but was relieved 


when the diathermy current was directed through the 


q 
= gS eee =. 
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a 


SS 


82 DIATHERMY 


skin in the region of the tender areas, The patient _ 
was able to resume her occupation on February 1oth. 
Her weight on February roth was 7st. 121lb.; on Feb. 
ruary 18th, 7 st. 13 lbs.; on February 27th, 8 st. 1 lb. 

_ The period from March 2nd to March 8th in. 
clusive was allowed to elapse without treatment So 
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ng 
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as to ascertain the effect. The patient acquired a 
“cold” and stayed indoors on March 3rd, 4th, 


(aa 
ae 
a 
i! 

an 


i 
ae: 
we 
ah: 


and sth. The average morning temperature was then ._ 


99°4, and the average evening temperature 99'4. On 4 | 


the oth, 7th and 8th, when work was resumed, the 


average morning temperature was 97°6, and the aq 


average evening temperature was 96°7. 


After March 19th the patient left London and con- a 


tinued hard work. From March 27th to April Ist 


work was less hard, but menstruation occurred _ 


during March 2oth, 30th, 31st and April 1st.. 
Body weight on April ist was 8st. 20z. The 
patient wrote to say that, since she left off treatment, 


she remained well and did not feel chilly during the. 


day or night, and slept through the night.* co - 
Case 2.—This patient was a lady of 56, single, of 


abnormally small stature, very thin and fragile. She 


had always acutely felt the cold of the winter months 
in England, and, before the late war, had spent these 
months abroad. During the winter of 1918-19 she 
suffered very much from the cold and could not keep 
warm away from the fire.. Her appetite failed, and 
she ate very little and became still thinner. At 
night the feeling of cold prevented sleep. 
Treatment by general diathermy was commenced 
on January 23rd. On this day her temperature (oral) 
was 96°6. Four applications were made during the 


* A later letter was received from the patient in June, 1920, in which 
she stated that she felt perfectly well, and that her temperature 
remained normal. A similar report was received in September, 1920. 
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nuary, 17 in-February, and 6 in March. 
--eatment was brought to an end on March 19th. © 
at improvement in this patient’s condition was re-: 
bie. Her symptoms disappeared shortly after 
fhe commencement of the treatment, and she remained 
a ble and free from cold. The effect of the 
artificial heating of the body was to restore the bodily 
a stomary during the hot summer months. 
Case 3.—This patient, a girl, eet. 19, was sent for 
treatment of a condition of ‘chilblain circulation in 
7. hands and feet. | The hands and wrists, feet and 
ankles, were swollen, dusky blue and cold. A course 


of full-length electrical baths with sinusoidal current 


was given, without apparent benefit. Diathermy was 
Fen applied and the temperature of the whole body 
ised. This treatment likewise had no permanent 


all 


effect on the hands and feet, but the general health of 
the patient improved greatly. Her appetite improved 
and she gained weight, and colour appeared in her 


comfort cu 


“cheeks. According to the account of her married 


sister, with whom she was living, she became active 
and cheerful, whereas formerly she had been dull and 


Case 4.—A course of general diathermy was given 
to the sister, cet. 24. She stated that she also had 
suffered from a swollen blue hand, but that colour and 
swelling had disappeared after her marriage. 


- On examination no abnormality other than coldness 


’ of the extremities was discovered. Her temperature 


was 98.4, her weight 6 st. 12 lbs., and she was very 
poorly nourished. Her chief complaint was a feeling 


of coldness, and total lack of appetite and dislike for 
food. 


_ Diathermy was applied from hand to hand for twenty 


“minutes, and the internal temperature, as measured in 
the mouth, was raised to. 994. This treatment was 


G 
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repeated four times weekly. At the end of a week | 
her weight had increased by 3 lbs. and her appetite _ 
returned. During the second week there was a further _ 
increase of weight and she was able to eat. larger 


quantities of food without discomfort. 


Section IV. 
Diathermy in the treatment of neuritis, 


_ The value of heat in the relief of the pain due to = 


neuritis is well known. In the methods of application 


hitherto used, whether by means of conduction, a 
convection or radiation from external sources of heat, @ 
the superficial tissues alone are heated. The precise ~ 


method in which heat applied to the exterior causes 


relief of pain in deeper parts cannot be stated with _ 


certainty, and the question whether diathermy, which 
causes heating of the deep parts in addition to the 


skin, can produce better results, 2.¢., more complete _ 


relief, or relief for a longer period, must be decided 
by clinical experience. | 
In the following case the deep heating caused by 


diathermy was certainly more effective than the 7 


superficial heating caused by radiant heat. 


A man who had suffered for months from pain in q 
his right shoulder, caused by neuritis of the brachial 


plexus, had obtained no relief from drugs and 
ionisation. Radiant heat afforded temporary and 
partial relief. Diathermy was then applied. It 


abolished the pain completely for a few hours. The — q 


pain returned, but in a less severe degree, and 


diathermy was again applied. Six applications re- a 


lieved the pain permanently. 

In the two cases of sciatica noted below a long 
trial of radiant heat caused a slight and short-lasting 
relief, followed by return of pain in full severity, 
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“while dia 
‘relief, an 
eee EE catate. st. 24. Sciatica of 10 months 
BD sration. Treatment by radiant heat on alternate 
a days for a month. Pain was as severe at the end of 
che treatment as at the beginning. Diathermy was 
then applied. There was complete relief of pain for 
" ceveral hours after each application. After each 
Me eriod of relief the pain gradually returned, but after 
six applications the pain returned with much less 
4 severity. After ‘thirteen applications the pain was 
q insufficient to prevent the patient from continuing his 


a work. ie 
Case 2.—Male, zt. 25. Sciatica of 8 months dura- 


thermy produced more complete and lasting 
d eventually a reduction of the pain to a 


’ tion. Radiant heat had been applied for 3 months, 


thrice weekly. At the end of this time there was no 
4 improvement. Diathermy at once procured relief. 


After four applications the pain was only slight. 


| Both of these cases were out-patients, and they dis- 
a continued treatment after the number of applications 
stated. When subjected to radiant heat they felt 
E comfortable during the exposure, but the pain re- 
turned unabated after a shorttime. The relief for the 


' longer period after diathermy is probably due to the 
. heating of the tissues below the skin, a larger bulk of 
tissue being thereby heated, and a longer time being 
_ therefore occupied in the return of the temperature to 
4g normal. Cooling of the subcutaneous tissues takes 
place by conduction and convection (by the blood), and 


must be considerably slower than the cooling of the 


| 3 skin by radiation, evaporation of sweat and convection 
_ (by air currents). | 


Some cases of painful neuritis which have derived 


} a benefit from diathermy had already tried the effect of 
4 surface heating by means of hot-water bottles or 
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poultices. In the cases in which surface heating has 


alleviated pain diathermy has procured relief for 


longer periods. 


In some cases diathermy is more effective than 


ionisation. The patient mentioned above, who suf. 


fered from brachial neuritis, obtained no relief from 
ionisation. The following case of sciatica was re: 
lieved by diathermy after a long course of treatment — 


by ionisation had been given without benefit :-— _ 


C.P., 56. Sciatica of 12 weeks duration. The pain 7 


was severe and the patient was unable to sleep, 
Ionisation was commenced on November 27th, 1918, 
and continned thrice weekly for a month. There 


was no improvement at the end of. this period. — q 


Diathermy was then commenced. © Improvement was 


noted after three applications, the patient being then _ 
able to sleep. After eleven applications he felt only 


slight pain, and was able to walk without discomfort. 

Most cases of pain due to neuritis derive relief 
from diathermy. In some of these, particularly those 
of long duration, the relief lasts only a short time, 
two, three or four hours, and subsequent applications 


ean be discovere 


MEDICAL DIATHERMY 87 


od of application.—W hen definite tender areas 
din the region where pain Is felt, I 
helieve the most effective method of applying Hee 
Bthermyisthe following, a 
“The active electrode, a metal disc, one inc 

3 3 a half inches in diameter, slightly convex on 
. face, padded with lint and covered with chamois 
_ s placed in contact with the skin. The- 
ain, ‘s moistened with strong saline. It is pressed 
tale nder area. An indifferent electrode of 


Meth 


‘geainst the te iterel 
Ber area is placed on the opposite side of the limb 


‘or trunk. The current is passed for ten minutes and 
* art under the active electrode should be made as 
- a can be borne. Great care should be taken to 
examine the skin under the active electrode from Ha 
to time, and if a blister is seen the current ae Hed 
"stopped. It is safest for the operator to ho 


active electrode in position and feel the skin under it 
Bicom time to time, and reduce the current if the skin 


js getting very hot. The patient can usually tell 
] when the temperature is becoming too high, but 


occasionally this is not the case, and if the pre- 
] ‘caution mentioned is not taken, burns may occur. 

- This treatment should be given as ee 
a possible, even twice daily if this can be done. : 2 
"only one application can be made daily it shou : : 

4G given as late in the day as convenient, 1n order t i 
"the relief may be continued as far through the pe t 
| as possible. If the periods of relief are short, or do 
In these earlier cases the relative value of the galvanic. pot lengthen, the electrodes should be held in position 
and diathermy currents must be considered. It is 4 for longer periods. : | 
cillicurt to decide, at the outset, by examination of the a —SCS*«CSwW*irernn' thee praiin is not localised to distinct areas 
ee ee ee larger plate electrodes should be applied, so as to 
best results. If, however, the patient has found, by : 


cover the region in which the pain is felt, and left in 
earlier trial, that heat relieves the pain, then diathermy a position for ten to twenty minutes. Ay olternative 
should be tried. se | 


method, which J have recently tried in these cases, 1s to 


do not lengthen the period of relief. In others the 
period of relief, although short at the commencement, 
gradually lengthens, and the pain ultimately disappears. 
A review of the notes of cases treated at St. Bartholo- 
mew’s and elsewhere show that diathermy is usually 
least effective in cases of long duration, whereas in 
more recent cases much better results were obtained. 
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use as an active electrode a disc half an inch in diam 
place it in contact with the skin, and increase the 
current till the heat becomes barely tolerable after 


fifteen seconds. The current in then stopped, the 


electrode placed on an adjoining region and the current 
again started, without increasing or reducing it above 


or below the maximum used during thefirst application, 


and allowed to flow until the heat is unbearable. 


Then it is stopped. The process is repeated until] | 
several applications have been made close together a 
all over the region where pain is felt. This method | 
should not be tried until the operator has acquired | 
experience in applying diathermy. In some of the 
cases a small blister was noticed here and there on. | 
the day after the treatment. These healed up quickly | 
and left no marks. This method of application was q 
‘emore effective in some cases than that previously de. — 2 


scribed. In some cases of painful neuritis better results 


might be obtained by applying the diathermy to the — 4 | 


side of the spine over the points of origin of the 
affected nerves. 


Some cases derive considerable relief when the 


active electrode is moved over the area in which pain 
is felt. A padded disc electrode, 6 or 9 cm. in diameter, 
is saturated in strong salt solution, applied to the 
painful part, and very slowly moved over the latter, 
exerting firm pressure. The strength of the current. 
should be ‘such that undue heating will be caused 
if the electrode is allowed to remain Stationary. 


Diathermy for sciatica. a 
Method of Application.—The patient should lie on 


his side on acouch. An indifferent electrode, measur- 


ing 10 by 20 cm., is placed on the front of the thigh, 
separated from the skin by a folded towel moistened 
with 10 per cent. saline. The active electrode should. 


eter, 
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1 d to the back of the thigh or hip, so as 4 
oe. evi ns which are tender on pressure. 
a rated from the skin by a thick ha 
ed with 10 per cent. saline. 
of pied 5 Ps be gradually increased. until a 
The ae eat is perceived by the ere . e 
7 d to remain at this strength till the pa 
a Pe the heat is not increasing. The current 
a be slightly and cautiously increased. When 
4 a -s as much as can be borne without dis- 
.° a the current should be allowed to remain 
oO . rther increase. The treatment should last 
ee 7 lies and be given daily, or even twice a 
a Se arhen it en be given only once daily, the time 
day. should be as late in the day as possible, so 
fhe relief of pain can last during the night, or as 
tna 


“cover th 
Ghould be Sep 


” far into the night as possible, and sleep secured. 
fa 


Ifthe active electrode has to be applied to boek ala 
Bnd buttock, even contact and anon ee ae 
4 btain, and there is more likelihoo O 
“heating. The patient will then complain of unp ee 
ine in one region. Uniform heating i: aa oF 
ined | ller electrode, ¢.g., a disc, © cm. 

a is Sialy moved over the tender parts 


- easy to O 


1] 
’ while the current is still flowing. A longer fg . : 
| q be required, if this method is adopted, to hea 


ill 
same bulk of tissue, because a smaller current W 


have to be used with the smaller electrode in order to 


id over- 
| obtain the same density of current and avoid 0 


oi te active electrode is stationary, and a ne 
_ different electrode is placed on the calf on is a 
hip, there is a risk of obtaining Ne ie ae 
' regions where the electrodes are neares 


- other, and underheating where they are furthest 
; 4 apart. » | 
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It is open to question whether the sciatic Nerve jg 


heated when the current is directed antero-posteriorly: 


across the thigh, or longitudinally, from leg to thigh 
or hip. The nerve lies a considerable distance below 
the surface, its resistance is high, and it is surrounded 
by better conducting tissues. As mentioned on 


previous occasions, the path of the current in the @ 


tissues is not known for certainty, and it is Possible 


that the current, lowered in its density as it Passes 


into the depths of the tissues, may, in greater Part, 
flow along the less resistant tissues around the nerve. 
The circulating blood and lymph tend also to dissipate 
the heat. Relief of pain can, however, be produced, 


even if the sciatic nerve is not heated. It is known 
that, in some cases, pain is alleviated by stroking a 


heated iron over the skin overlying the nerve, or by 
applying radiant heat. These methods procure only 
surface heating. Cases which derive some relief of 
pain after surface heating are relieved for a longer 
period after diathermy, and the relief seems to be 
more complete. <A case illustrating this was de- 
scribed above (p. 86). i 
Results obtained.—Pain due to inflammation of the 
sciatic nerve is, if one may trust the patients’ state. 
ments, relieved by diathermy for a short or long 
period. Occasionally the patient will say that the 
pain is aggravated for a short time directly after the 
diathermy, and then relieved considerably. I have 
not found any cases in which the pain was made per- 
sistently worse without subsequent amelioration, The 
length of the period of relief varies. After the first 
application of the diathermy, it may be from three 
to six hours, sometimes longer. .The pain then returns 
gradually. The effect of subsequent applications 
varies in different cases. In some the pain regains 
its original severity, and although repetition of the 


"no progress. 


q Case 5, Male,55  ... 3 weeks 


4 MEDICAL DIATHERMY 31 


es 


: rocures temporary relief the patient makes 
‘diathermy P These are usually, though not He 
the cases of very long standing, In ae 
there is adhesion and seo ar se 
f the nerve. . Occasionally, cases o ne 
do not derive areeeee fe 
| 1 other cases the pal T 
-" Bo cverity a periods of relief, which 
. * , lengthen, and eventually becomes trifling. 
i “ can be further improved by ire 
ie usoidal current in full length baths; others 
. i. off treatment when the pain becomes bear- 
. Be out notice of their intention, as is often the 
able, e hospital out-patients, so that the ete 
ae unobtainable without the expenditure o 
histor ; 


variably, 
probably 
‘sheath o 
‘shorter duration 


much time and trouble. 


ti f four- 
ave some particulars o 
the adjoining table are ae 
‘ a ieepital patients treated by diathermy, who 
teen. 


4 
“ay 


ister :— 
‘cases were more fully recorded in the registe 
ca 


4 ti n No. of ya 
yee C treatments Result 


mplaint. given. 
‘ fale, 38 - years 4 Relief feehenes dei 
gs: . Male, Miyastes* zy ’ A iaieagee , 
: y | mene eae severity. 
Relief for some hours, pain 
returning with much less 
severity. 
| 8 Relief for gradually length- 
ening periods. Pain was 
not entirely abolished. 
Ionisation eventually 
completed cure. : 
Pain’ reduced to slight 
degree. 
q Complete freedom from 
' Case 7. Female, 28 ... 6months 7 de S. dredon ee 
a longer. Pain could not 
be entirely abolished by 


rn 


Dace 4. Female, 48 ... 4 weeks 


Af 


. Bcase 6. Male, 33... 5 opts A 


| diathermy. ace 
. 8. Female, 63 5 years, 7  Shight and temporaryreliei. 
’ a eee ty: 2 Relief of pain for a few 
eo: Male, 48... 3 months 1 hours. Pain was only 


slight at end of course. 


DIATHERMY 


Duration No. of 
of treatments Result. 
complaint. given. 
Case 10. Female, 19 3months 12 Gradually increasin 
for lengthening periods. 
Slight “ stiffness” ; 
at end of treatment, 


Case Ir. Male, 58 ... 5 weeks Slight relief of pain at end 


of course. Further re. 


lief after ionisation. | 


Case 12. Male, 53 ... tomonths 7 Slight relief from dig. 
| thermy. Previous ap. 7 
plications of ionisation 

and sinusoidal curren¢ 


were ineffective, 


Case 13. Male, 45 ... 2 weeks © : Considerable relief of pain, a 
Further improvement by 8 


ionisation. ‘ 
Case 14. Male, {9 ... 3 weeks 5 Slight relief. Further im. 


_ provement by ionisation, i 
Case 15. Male, 56 ... 3months II Great relief from -dia. 


thermy. Pain only slight 


at end of course. Ionisa.. 
tion with quinine and 
salicylic ions had been _ 
previously tried and 


found ineffective. | 
Case 16. Female, 54 2 years 12  Diathermy produced relief 
after sinusoidal current 
failed.. Duration of re. 
lief increased till pain 
becameslight. Six weeks 
after treatment ceased 
the pain returned and 
was somewhat severe. — 


Cases in which pain is severe at the onset would 
probably be much benefited if diathermy were applied 
at the commencement of the attack, but such cases 
should remain in bed, and it would be unwise for the 
patient to journey to and fro to the source of the 
diathermy. At the request of his doctor, I treated a 
patient suffering from sciatica accompanied by intense _ 
pain. Diathermy was commenced on the sixth day. 
The patient (male, aged 55) walked, with the help of a 
stick, with his knee slightly flexed and his heel off 
the ground. After receiving the first application the 
pain was so much relieved that he was able to walk 
naturally and without pain from the room and down 


a Sac given at 5.30 
E relief was given 5 


n leg 4 


“This procure 
: t se twenty-sevent 


"princi 


MEDICAL DIATHERMY 93). 


nd enter his car. This treatment 
p.m. The pain was felt again about 
d became severe during the small hours 
ac the morning. Diathermy was repeated daily for 
dave Each application was followed by great 
i. Bh subsequent recurrence in the early hours 
reliel 4 orning, but with less severity. After the 
of ee aay ionisation was commenced, as the pain did 
2 ear entirely, but recurred at the usual time. 
a d relief for about the same time. On 
h day sinusoidal currents were tried. 
The pain lessened further and disappeared SA MSs 
thirty-eighth day. The pain has not returned alter 


‘None passage 2 
, long P 


midnight, an 


ery for brachial neuritis. —Diathermy for 
prachial neuritis is applied by methods capil: 
principle to those already described. The. ac - 
electrode, a disc 1 in. in diameter, is placed on the 
greas which are tender on. pressure. Dae mae 
an exploration of the region where pain is felt, with 
4 weak faradic current will reveal tender points 


Qh 
GC 


whi Diathermy 
which are not discovered by pressure. Dat 

should be applied to these points. The indifferent 
electrode is placed on the opposite side of the limb or 


\ trunk. If it is placed on a distant part of the body, 
‘or if the patient is placed on the condenser couch, the 


diathermy seems to be equally effective, but the relief 
a ight be of shorter duration. 


"In the following table are given the particulars of ten 


“consecutive cases which were treated by the method 
‘described above: If the electrodes are placed so as 
to direct the current along the whole length of the 


limb ion of temperature 
‘limb, from hand to trunk, the elevation o p 


‘of the whole limb is considerably less effective in 


‘relieving pain than the local heating of the skin 
‘and subcutaneous tissues of the parts which are tender 
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on pressure, or those in which pain can be located 4 


by the faradic current :— 


Duration No. of ; 
of treat- Result. 
complaint. ments. | 


Case I. Female, 37 3 months I2 Severity of pain reduced 


diathermy after ionisatj 4 
had failed. Pain was not Be a 
tirely abolished, and Slowly 
returned after patient ‘dis. 4m 


: ee continued treatment. . 
Case 2. Female, 25 2 weeks 


once and lasted ‘fo 


currence of slight pain after 


work was resumed, but at 


end of course it disap- 
peared. | is 


Case 3. Male, 42... 4 months Relief commenced at “once, 


At end of course pain had 


entirely disappeared. 
Case 4. Male, 33... 2 years Gradual reductionin Severity 


(intermittent) 


violent movement of arm, 
Diathermy produced relief 

for one hour only after each 

treatment. 


Case 5. Female, 50 7 months 


Case 6. Male, 51... 10 weeks 


porary relief and the pain 
was lessened, though not 


completely abolished,atend 1 


of course. Ionisation had 


been tried for four weeks — 4 


without avail before the 
diathermy. A 
Case 7. Female, 34 8 weeks (6 Improvement commenced at 
once, and pain was soon 
reduced to a slight degree, 
but could not be entirely 
removed. | 
Relief slight and short after 
each treatment ; no perma- 
nent reduction in severity 
of pain. 
Complete relief at end of 
course. 


Case 8. Female, 65 6 months 


Case 9. Female, 20 I week 


Case 10. Female, 38 6 months © 


course. Pain returned six 
months later. A second 
course of diathermy abol- 
ished the pain for 12 
months. Patient is now 
. under treatment for the 
third attack. 


Complete relief at end of — 


ia } 
.. 
Bt < 


Relief of pain commenced at j 3 
. r in. a 
creasingly long periods ~ 
after each treatment. Re. "4 


of pain. At end of course a 
was felt only slightly on 


Diathermy produced temem 


4 others hav 
either a 


"capac 


a 
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Section V. 


rmy in the treatment of cases of arterio- 
selerosis with high blood pressure. 


3 Piathe 


q High-frequency currents of the kind ae 
ne the original type of D’Arsonval apparatus have 
q ‘much used with the endeavour to lower abnor- 
om hich blood pressure. Some operators have 
: % : d successful results in the majority of cases; 
oe e been unable to diminish the blood pressure, 
t all or for more than a brief duration, while 
others have obtained anicrease. The original form of 


‘high-frequency ‘apparatus used in medical practice 


r no heat that could be perceived by the 
a BS eated forms, especially those with larger 
a tity condensers and multiple spark gaps, yield an 
ciable degree of diathermy, so that it 1s possible 
‘that the different results obtained can be assigned to 


“differences in type of apparatus. The very small 


‘amount of heat which is generated in the body by 


‘the unsustained current yielded by the earlier pattern 


of apparatus, probably increases the metabolic pro- 


cesses of the tissues, and so acts as an indirect 
4 stimulant. On the other hand, the much larger amount 


of heat which the sustained current supplies to the 


- body acts as a sedative. By means of the modern 
_ diathermy machine either a small amount of heat can 
be. supplied to: the body, insufficient to raise ts 
q temperature, or a larger amount, enough to raise its 
temperature, one, two, three, four, or more degrees. 


To treat diseases of the circulatory system by 


diathermy, the current can be applied in one of two 


4 ways. o nee 
1. It can be directed along the upper limbs. By 


this method the fixed tissues of the limbs are 
heated, also the blood and lymph as they 
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circulate along the arm, forearm, and handil gas a ermy were given in 29 days. The duration of 
The heated fluids gradually raise the temper. | De applications was increased from 10 minutes 
ature of other parts of the body. The degree ll | or the first six to 20 minutes for the next four, and 
to which the temperature can be raised can be al fo feo 30 minutes for the last. The blood pressure was 
- seen from experiments described in ChapterV] 7 y educed to 150 mm. at the end of the course. ‘Twelve 
2, The current can be directed through the heart _ | days later the pressure was 145 mm. The noises 1n 
The temperature of the body cannot be raised | : Eine head were not diminished during or after the 
more than a trifling amount by this methog _ “treatment. The other symptoms were somewhat re- 
because the blood doesnot remain long enough @ ‘lieved by the treatment, more especially during the 
in the heart for its temperature to be appreci. _ | frst part of the course. ) 
ably raised. The cardiac muscle is probably “86 Case 2.—The patient (female, aged 60) complained 
warmed by this method, particularly that lying — F of * pain in her heart,” palpitation, and shortness of 
in the most anterior position. | 
_ The current may be restricted to one portion of q 
the circulation, e.g., a limb or the head. 

In cases of arterio-sclerosis with abnormally high a application it was reduced to 160 mm. Before the 
blood pressure a fall can usually be obtained by mm " jast application it was 145 mm. The last application 
diathermy. To bring about the fall the diathermy ’ reduced it to 132 mm. This patient derived ne 
should be applied by the first of the methods mentioned q | / :. apparent benefit and the treatment was discontinued. 
above, and a rise of temperature should be obtained. _ | m Case 3.—Female, aged 49. Complained of palpita- 
[ have not been able to procure a fall to the same level 7 > tion, shortness of breath, and pain in chest. The heart 
by applying diathermy to the heart. Perhaps longer  _—-was: enlarged to the left, the apex beat being felt in 
application might do so, but there is some risk of MN the fifth space, 6 in. from middle line. Systolic 
syncope in giving lengthy applications to an enlarged a | "pressure before treatment was 165mm. Five applica- 
heart working against an unduly high blood pressure, — a me = tions were given in 17 days. Before the fifth treat- 

The actual figures obtained from some cases will be _ ™ ment the pressure was 148; immediately after it was 
found below. These serve to illustrate the degree 142mm. This patient said that the palpitation was 
to which it is possible to lower thé pressure by = less and that she felt better. | 
diathermy applied by way of the upper limbs. They Case 4.—Male,aged 65. Complained of shortness of 
also show that the pressure tends to remain at a 99 5 breath and “ great weakness.” The dimensions of the 
lower level if the diathermy is repeated. —_ a eart could not be ascertained owing to considerable 

Case 1.—The patient (female, aged 50), complained ~ emphysema of lungs. The pulse was infrequent 
of shortness of breath, palpitation, occasional pain in ]§§ ~—s (60 per minute), with many premature beats. — ne 
left arm, and buzzing noises in the head. Theradial — arteries were very hard. The pressure was 240 mm. 
arteries were thickened, and the systolic blood a mee. a before treatment. After the first application of dia- 
pressure was 165 mm. Eleven applications of dia- ©  _—« thermy it was lowered by aboutromm. Three days 


' preath. Five applications of diathermy were made 
Bn 14 days. Her systolic pressure before she com- 
-menced treatment was 170 mm. After the first 


ij 


y 
¥ 
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wi later the pressure, before treatment, was 240 mm es 4 occasional attacks of faintness, and on the least 
4 | Dement he “shook all over. 


i After treatment it was reduced to 22 5 mm. The am 2 e 
Hi i patient felt no better before or after the second ¢ xamination it was found that his arteries ies 
hickened and tortuous. His systolic blood 


me reat. 9 es One 
ment. Four days later the patient said that he felt aa ‘ 


“much weaker.” The pressure was measured and 4 
found to be 195 mm. No further diathermy was | 


given. 


apex beat being in the sixth space, 4% in, from 


the middle line.. Blood pressure was 195 mm. Five q 


applications of diathermy were made in 21 days, 
_ The pressure, before the fifth application, was 16s mm.; 


after this application it was inappreciably reduced, q : 
The patient felt much better during the first half of 
the period of treatment, but during the second half } 


he felt weak and nervous ; this (he said) was due to 
an air raid. 

In all the above-described cases the systolic pressure 
was lowered after the diathermy. The symptoms, 
however, with the exception of those of Case 3, were 


not relieved. The failure to procure relief may have _ 


been due to the lowering of the blood pressure to a 


value less than that necessary to ensure adequate 
blood supply to the organs, when the arteries are _ 


less elastic than normal. In the cases for which 
diathermy has procured the best results the blood pres- 
sure was reduced scarcely at all. Particulars of 
three of these cases are given below :— | 

CasE 6.—T. J. H., bricklayer, age 63. For 12 
months he had complained of pains in both arms, 
especially the left; inability to sleep at night on 
account of “loud throbbing in the head” as soon as 
he laid his head on the pillow; headache, severe in 
the morning, but getting better during the day. He 


Case 5.—Male, aged 62. Complained of “ Shaky » ' | 
left arm, occasional heart pain, and shortness of breath | 
on exertion. The heart was enlarged to the left, the _ res 
| , ‘crystals for 


“yo minutes 


nm 
, Pw 
Ri. ; 
ie 
on 


Bich t | 
press 


Ean space, # in. external to the mid-clavicular line. 
.. Fe alse was heaving and just visible. The first 
“i Di ovas accentuated in the mitral area. There 
.... no added sounds. Urine: S.G. 1020; albumen 
Bat. but less than 0.01 per cent. Calcium oxalate 
med the bulk of the deposit ; a few colour- 


wer 


s corpuscles were seen and one hyaline cast was 


les 
fo nd. : 

Bi Atment by diathermy was commenced on 
August 28th, 1919. The current was passed for 
- daily from hand to hand. After a fort- 
ight it was passed, in addition, for 10 minutes from 
foot to foot. 2 
a provement commenced at once, The following 


notes were taken of his condition during the treat- 
ment -— 

Sept. 4.—Muc 
BP. 218 (systolic), 145 (diastolic). 3 

a Sept. 10.—Improvement continues. Says he has not 


Much improved. Sleeps better ; less pain. 


felt so well for months. Can use his left arm fairly 
"well. B.P. 206 (systolic), 135 (diastolic). 


_ Sept. 12.—Treatment increased. Diathermy from 


> hand to hand 10 minutes, foot to foot 10 minutes. 
q Sept. 17,—General condition continues to Improve. 


‘He is much brighter, and his generalised aches and 


" pains are troubling him less. Says he sleeps much 
- better, but still gets throbbing in his head when he 


‘lies down at night. In spite of the increase in the 


duration of the diathermy treatment, the B.P. has 
risen again, and is now fairly steady at about 
220 (systolic), 140 (diastolic). | 
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| sept. 25.— There has been a slight fall in B.P. again 
juring the last three days, 215 (systolic), 1 37 (dia- 
He is quite certain himself that he is much 
tolic)- Treatment to be discontinued for a month. 
. 6.—Continues better but still has Poe 
Blood pressure has risen again to 240 (systolic), 
; 35 (diastolic). Arm is no worse now than when he 
a off treatment, and is much better than when he 
commenced. 


q -Diathermy was given six days for 15 minutes from 
a pand to hand. The systolic pressure before treat- 


ment was 240 mm. After treatment 1t was 220 mm. 


a ‘he diastolic pressure remained the same (135 mm.). 
_ The figures representing the systolic and diastolic 
‘pressures are shown in the Chart (p. 100). This 
: chart and the measurements of the pressure were 
3 nade in my department by Dr. C. G. Teale. 


The pressure was measured each day before dia- 


: Be my and 15 minutes after. It will be noted that the 

“diathermy usually produced a slight fall of pressure 

after each application, but the tendency was for the 

4 pressure to rise again before the next application. 

. The improvement in the patient’s condition bore no 
evident relation to the blood pressure. 


‘The temperature before and after each application 


& pis recorded on the chart. This gives an approximate 
fipeasure of the dosage. 


Cast 7.—Female, aged 50. This patient had 


: B offores, since 1912, from attacks of pain in the heart 
and left arm, shortness of breath, and severe head- 
a ache. Three of the attacks of pain had been very 
4 ‘severe. On examination, in July, 1915, the systolic 
q “pressure was found to be 170 mm. The pulse was 
7 _ arrhythmic, and there were many premature beats. 


eeesonlly the pressure reached 190 mm. The 


p _ arteries were slightly enackenee. The apex beat was 
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felt in the fifth space, 4 in. from the middle ]j 


~ 


The treatment was given thirteen times in 21 d 


felt very well. | 


Each application of diathermy slightly lowered the - ] | 
systolic pressure, but the latter usually regained jt, 


height before the next application. 


A. second course of treatment was commenced in | 


December, 1915, as the symptoms had returned. The 
pressure was 185 mm. Fourteen applications were 


made, in the same way, during 31 days. The pressure | q 


was at no time lower than 170 mm., and usually it 
was about 180 mm. ey a 
A third course was commenced in June, 1916. The 


patient complained of buzzing noises in head, head- 


ache, and palpitation. Thirteen applications were 


made in 31 days, and the Symptoms were completely — 4 ; 


relieved. , : 
A fourth course was commenced in September, 1916, 


as the patient again complained of headache and noises 
in the head. The pressure was 195 mm. Three 


applications of diathermy were made in three days, q 
and the pressure was reduced, at the end of thethird, 


to 180 mm. The headache was relieved. 
A fifth course was given at the end of the year 
(five applications). ee 4 a 
During 1917 and 1918 the sixth, seventh and eight 
courses were given. Each was followed by consider- 


There were no added sounds. Treatment by ie a 
thermy was commenced on July 14th, 1915. Thea 
patient was placed on the condenser couch. The ™ 
active electrode was applied to the precordium, be. _ 
cause cardiac pain was the most prominent symptom, _ 


2 


7 
bay 
4 
ne 
<a) 
4 
% 


ays, 
and the length of the applications was gradually - 
increased, during the course, from 5 minutes ty _ 
15 minutes. At the end of this course of treatment 
the symptoms had all disappeared and the patient 


Mepatient bad to 
‘The press 


| severe 
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f, the patient feeling much better, a 
Patal depression which she suffered before the geil 
men f.. sappearing completely. The buzzing nots 
ment | ad could not be completely abolished. 
a a nd of 1918 the blood pressure was 210 mm. 
: 2 a nee was commenced in January, 1919. 
ae ‘ent complained of the customary symptoms, 
_. Me Aaition, of momentary attacks of blurring of 
ana, ** 


jcjon. his course could not be completed, as the 


ple relie 


leave London and reside in the country. 

ure was reduced from 210 mm. to 188 mm., 
. symptoms 

put rose to 200 ‘ba when she left. The symp 

were partly relieved. , 

4 cine io a proper trial could not be given to 

the diathermy, because the patient was unable to 


‘come to town, except for an occasional visit. 


For this patient diathermy was a very effective 


form of treatment, and it is interesting to note that 
. cardiac pain never recurred. In this case, 
‘again, the relief of symptoms was attended by little 
a y 

‘or no fall of blood pressure. 


" Case 8.—Male, aged 61. This patient complained 
of ‘dizziness and of attacks of severe pain in chest 


‘and left arm. These symptoms had lasted for three 


’ months. He had been under medical treatment, as 
a is out-patient at a heart hospital, without deriving 


—ynuch relief. : | 
On examination, his arteries were found to be hard, 


though not markedly so. His systolic pressure was 
P48 mm. Owing to emphysema his apex was im- 
palpable, and the area of cardiac dulness ee 
' obliterated. The aortic second sound was accentuated. 


One electrode was placed on the przcordium, the 


other on the back. After 5 minutes the at a 
"fell to 138mm. After 10 minutes the patient showe 
| agitation and trembled. The pressure was found to 


iy 
ea 
if 
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be 160 mm. After rs minutes it was 150 mm. T 4 


tne 
treatment was stopped. The patient said that he fej, 


much better and “lighter in the head.” Four days i 


later the patient returned for a second treatment 
He said that he had felt very much better and that _ 
the pain had disappeared. The same treatment was 
given. The pressure before treatment was 140mm. | 


After 15 minutes it was unchanged. After 5 minutes | 
and 10 minutes it had risen slightly. The patient 


remained quite free from symptoms, and a thirq © 


treatment was given three days later.’ The pressure _ : 


was 140 mm., and after 15 minutes treatment it haq » 
fallen to 135 mm. without any preliminary rise. ~ 


This patient was able to resume work after the - 2 


treatment. : a 
Here, again, there was relief of symptoms with very — 
slight lowering of the blood pressure. With regard 


to the way in which the diathermy brought about the q 
therapeutic results, it may be suggested that the © 
general rise of temperature, which occurs when the 


current is directed along the limbs, causes relaxation 


of constricted vessels. The viscidity of the blood a 
may be diminished, allowing a circulation with less a 
friction through rigid vessels, thereby relieving an : 
overworked heart and providing a better supply to 


the underfed organs. | 


When diathermy is applied to the heart the heat 
may have the same action on the coronary circulation 


and allow a better circulation through constricted or a | 


rigid vessels. 


When undertaking the treatment of cases of arterio- 
sclerosis by diathermy, the plan which Ihave adopted 


is to direct the current through the heart if cardiac 
pain is the prominent symptom ; otherwise the current 
has been passed along thelimbs. Short applications, 


lasting about 5 minutes, should be made first, and the q 


Pto all cases. 


- region, suc 


ae 
Bah). 


' An this section will be described s 
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Id be strong enough to ea ap 
a When the current is directed along 
warmth. ‘s a rise of internal (oral) temperature, 
Jimbs fe acid be measured, as it will give a a 
and Be en of the dosage. The effect on the a 
ee chou d be note d by the manometer. e 
press 


i d 
* noth of application should be gradually increase 
.. day until relief is obtained. as 
ey. Be ctanées have prevented the adminis C 
7 ae treatment for long periods (3 to 4 ae 
Be cary If this had been done a larger num 
btained.. | 
r. sults might have been o 
of a Eould be given to diathermy localised to one 
ae h as the head, in cases in which sacra 
are accompanied by 
o. and high blood pressure 
bing pain and noises. One electrode oor . 
eee don the forehead, the other on the neck. : 
Bad also be tried for intermittent clandication, an 
BD scalise d to the affected limb. I have tried it for one 


current shou 


rs 
¥) 
bey 
‘sy 
Bak) | 


Dace and obtained considerable relief. The patient, 
cas 


' who was a very active man, was placed also : i 
treatment (sodium iodide), so that it cannot . 
a he diathermy or the drug produced the 


- whether t 


effect. 


Section VI. | | 
iseases for which diathermy has — 
procured benefit. 


‘Miscellaneous d 


ome cases of 


4 


" yarious maladies for which seainin by ea ac 
BD as be ief or cure. Cases su 
has been followed by relie 

q in number to justify a general conclusion have not 
been tried. | 
- Metatarsalgia. 

The first case treated was a man, aged 43. 


P He had 


| ay 


suffered for eight years from pain in the front of each 
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rt 


foot. Surgical operation had been performed on fourm 
occasions, without lasting benefit. After an unsuc. 7% 
cessful trial of other forms of electrica] treatment 
diathermy was commenced. The first application am 
was made on December 12th, 1912. Each foot Was 
treated separately, one electrode placed on the bal] of @ 
the foot, the other on the calf. Seven minutes treat, 
ment was given to each foot. The treatment was 
repeated twice weekly till March 27th, 1913. Improve. 
ment commenced at once. The relief was complete ~ 


for 12 to 24 hours after treatment, the pain returnin 


with diminishing severity after successive applications, 


and the patient was able to walk for increasingly long 
distances without pain. Treatment was then given 


once a fortnight. In April, 1913, pain was felt only | . 


when he carried heavy loads. Treatment Was dis- 
continued at the end of April, 1913. He returned for 


treatment in August, 1916, saying that the pain haq _ 
returned. During the preceding three years he had 


felt discomfort in his feet only after prolonged exer 


tion. Treatment was recommenced and given twice 
weekly. In November, 1916, after which time he a 
ceased treatment, the pain was less and felt only after 


walking. | 

The second case was a man of 50. Hehad suffered 
for six weeks from acute pain in the front of the right 
foot, also in the left heel. The heads of the metatarsal 
bones were tender on pressure. Diathermy was 


commenced on November roth, 1913. One electrode | 


was placed under the left heel, the other under the 
metatarsals of the right foot. The first application 
was followed by complete relief, even when walking, 
and the pain did not recur till after 12 hours. The 
treatment was repeated twice weekly, and relief for 
increasingly long periods was obtained. The: pain 
gradually diminished, and on December 18th it was 


the feet persisted and was 


-— | pressing the 
es ho is foot. A skiagram showed the presence 
_ was | 


. f an osteophyte on the head of each first metatarsal. 
0 : 


- put the sympt 
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q F. The patient then resumed work and treat- 
shght. ' 


ment was discontinued. 


The third case was a man of 32. Pain was first 


the feet in August, 1918, while travelling in the 
s and undergoing much fatigue on foot. He 


land in February, 1920. The pain in 
atin particularly severe while 


q elt in 
tropic 
“returne 


_ walking. 
me On ¢€ 


xamination, there was much pain caused 
heads of the metatarsals. There 


mA, history of gonorrheeal infection was eee 

7 The disease had been acquired before August, 1918, 

q oms soon disappeared. — There was 

no evidence of infection when examination es met 

q a April, 1920, by Mr. Kenneth Walker. ree | 
7 graphic appearance of the bones and pera i | 

a was not characteristic cel egg aceloreslnat oe ; oe 
- Tonic treatment was firs , but 

4 it Diathermy was then applied, Lee a 
q being directed transversely through the anter ee 
- of each foot. Ten minutes treatment es eee 
|g each foot, the current being strong eae ae 

the feet as hot as could be borne without si me 
Treatment was given three times ae ae 
q commenced on April 19th. Relief was felt after 


Ay 


" third application, and it lasted for increasingly long 


periods after subsequent treatment. At the end of 
q the course of treatment (sixteen applications were 
- made) the patient was able to take heavy exercise, 


| golf and tennis during the day and dancing at night, 


without pain.* 


: one t in August, 1920, stating 
5 % ‘as received from this patient | nis a 
. Perk Re able to walk ten or fifteen miles daily without pain 
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Paralysis agitans. 


The severest test for a new method of treatme 
applied when the treatment is tried for disease 


which no known methodsare successful. The disease 

in which, in my experience, the test has shown the @ 
nearest approach to success, is paralysis agitans a 
Cure or permanent relief have not been obtained, but 
in some cases a considerable degree of relief has been @ 


tained "i 


obtained, and the improvement has been main 
for some months. 


CasE 1.—Female, aged 55. This patient had suffered : q 


for two years from progressive weakness of the right 


hand and arm and tremors. Walking had induced a 
early fatigue. Various forms of electrical treatment — : 


had been tried, including cerebal galvanism, which 
had been applied by the late Dr. Lewis Jones. On 
February roth, 1914, I commenced treatment by 


diathermy. The current was directed along the upper __ 


limbs, and its strength was sufficient to cause a rise 


of temperature of the whole body. The patiennt q 


sweated freely during the application of the current. 
Treatment was given twice weekly. ne ae 
On February 13th she felt better in general health, 
On March 3rd she was able to resume knitting and 
needlework, and she could write more Steadily and 
with less fatigue. ee 


On April 17th the treatment was discontinued. The 


improvement in general health was maintained during _ _ 


the course of treatment, and headache, which had 
been constant before, was abolished: The tremors 
did not cease, but manual work could be undertaken 
with less fatigue and skilled movements could be 
performed without much difficulty. | 
The benefit resulting from the diathermy was main- 
tained for six months. A second course of treatment 


S for me CASE 2.— 
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} commenced, but could not be peeks as a 
was BIC Ta 7 e 
tient left London. No communication fe 

. wards received. on 
a Female, aged 56. She was an eee 
Bat St Bartholomew's Hospital, under care of Dr. 
via : 


|... Sir Wilmot) Herringham. Her chief pine 
te he weakness of her arms and legs and inabi ity 
a were a work with her hands. General diathermy 
q ag go ommenced on July 3rd, 1914. Eight applications 
a . ade. On July 2oth the patient went away fora 
4 Bday Aad treatment was suspended. The Bese 
- ment during the treatment was great, and was e 


pecially noticeable in the gait, and the patient said she 


| 7 could walk without ‘‘scuffling.” On September i ii 
4 ue returned and reported that she had maintatine 
q her improvement. : 


In May, 1915, treatment was resumed on account 


eo recurrence of symptoms. The subsequent history : 
4 was not obtained. ; 


Case 3.—The patient was a doctor, aged 66, who 


j i set 
had retired from practice some years before the on 


"of the disease. He complained of a general weakness 
and difficulty in walking. | : 
wh long aie of treatment could not be ahs 
account of the length of the journey which he ha “ 
andertake. He said that he felt much better after the 


q diathermy. The briskness of his movements was 


‘evident after each application, and he was able to walk 


a at an increased pace. The improvement was Sale 
i. tained for a few months, but eventually the pati 


mo ie Ee 
was confined to his room owing to imcreasing wea 


a ness, and he died at the age of 70. 


7 . iced tremors of 
CasE 4.—Male, aged 65. He had notice $0 
his Frade for many years, but of late they had been more 
evident. He had felt some difficulty in walking during 
the past few weeks and a tendency to fall forwards. 
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General diathermy was commenced on Decembe;y 
13th, 1918. Twelve 
At the end of this time there was no evident alteration 
of the gait or lessening of the tremors. The patient 
said that he felt much better in general health, | Six 


months later he desired a repetition of the treatment. 


al symptoms — a 
at times, so am 


Before he was able to make plans ment 
ensued, and the patient became violent 
that detention under observation was necessary. 


General diathermy has also been applied to younger q 
patients; one a woman of 31, another a man of 39, 


I was unable to produce any subjective or objective 
improvement in these cases. A third case, a man of 
49, was not benefited by the treatment. ; 


It appears, therefore, from the cases above, that : 


diathermy is more likely to do good to old patients 
Suffering from the disease. The improvement js 
especially in the general condition, and the patients 
above-mentioned, who derived benefit, were emphatic 
in their praise and desire for further treatment. 


Hemorrhoids. 


Diathermy appears to be a very effective form of 
treatment for the pain of hemorrhoids. The following 
are the particulars of a case for which it procured 
permanent relief of pain :— 

Case 1.—The patient was a male, aged 50. In 1909 
prolapse occurred. It was reduced. From 1911 to IQI5 
bleeding frequently occurred during defzecation. {[n 
February, 1917, the first attack of pain occurred, and 
extruding piles were noticed. These did not dis- 
appear and were not replaced. From F ebruary, 1917, 
to June, 19109, there was constant aching pain. Fre- 
quent spasmodic pain was felt, not during defzcation 
(this was not painful), but during the latter part of the 


applications were made in 34 days, 
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q On examination, a number of firm fibrous ss 
oa hoids were seen extruding trom the extern 
an and the mucous membrane was everted. 
oe was commenced on June 4th, 1919. A 
ey in. in diameter, was placed in the 
' Ae patient lying on the condenser couch. a 
a” as strong enough to cause a sensation O 
_ E gneuffidient to cause discomfort. It was 
ct a ae for 20 minutes. Relief of the constant 
Ae noticed at once, and the Spee ba 
“hecame less frequent. On June 27th (after five app me 
ae all symptoms of pain and discomfort ceased. 
_ tions), tient reported at intervals since the cessation 
ae t, and there has been no recurrence. 
tiem lapsed without pain. 

A period of 15 months has elap de Lge 
" Case 2.—The patient (female, aged 4 . 

. r of internal heemorrhoids, two of Ween 
ed. There was no bleeding but much pain 
n. These symptoms were considerably re- 


‘metal r 


—allowe 


~ numbe 
_ prolapsed. 
- and spasm. 


 jieved after the first application of diathermy, and the 


icati d them completely. There 
ES d application remove 
q been he return. The freedom from — 
q a this case lasted for 12 months, and there has been 
1 ‘no recurrence. | | 


Case 3.—Female, aged 46. This patient suffered 
q from piles which prolapsed after every act of defaeca- 


q tion. Bleeding frequently occurred. There was some 


pai it we . Treatment was given 
pain, but it was not severe 


a twice weekly. The pain soon disappeared, and the 


4 yy 
4 patient stated that the piles had not “come cera : 
since the first treatment. Bleeding, rpnwene Pe 
noticed at times. The patient afterwards at : m1 
3 very irregularly, and the hemorrhoids ssimghingi ee 
appeared, although the pain did not reo 
afterwards referred for surgical treatment. 


q Case 4.—Male, aged 69. This patient suffered from 
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bleeding hemorrhoids which frequently prolapsed q 


Six applications of diathermy were made. The pain 


was relieved, but prolapse and bleeding was not _ 


prevented. 


Diathermy for gonococcal infection. 


The gonococcus is said to be destroyed bya degre a 
of heat a little higher than that of the body. Dia, . 
thermy should, therefore, be a very effective method _ 
of treatment of regions infected by this organism and 
if no organic changes have taken place and no othas . 
bacteria have gained entry, cure should be obtained _ 


A practical difficulty is encountered if an attempt is 
made to destroy gonococci in certain situations. [f 


an infected region lies deeply, with vascular organs 
around, such as the Fallopian tube, it is doubtful _ 
whether its temperature can be raised, or raised suff. 


ciently. As mentioned in Chapter VI, if a deep-lying 
part 1s very vascular it is doubtful whether its tem- 
perature can be much raised, if at all, on account of 


the rapid conduction away of the heat by the blood. 


It is, however, possible to raise the internal tempera- 
ture of the whole body to 103 degrees or 104 degrees, 
and this elevation by diathermy should certainly be 


tried in cases of gonococcal infection of parts which — 


are difficult of access, also in cases of general gono- 
coccal infection. Another practical difficulty lies in 
the way of attempts to apply diathermy evenly to a 
channel like the urethra, with its curves and its vary- 
Ing depth from the surface. | 
My earliest experience in the use of diathermy for 
cases of gonococcal infection was with joints. Three 
cases were treated. Some notes on these cases will 
be given :— | | | oe 
CasSE 1.— Male, aged 35. In-patient at St. Bar- 
tholomew’s, under care of Dr. Tooth. This patient 


al 


Be 


a 
iy 


q AC uired gonorrhoea in February, 1913. 
“jater pain was 
yo days. ! 
gainful and swollen, and the symptoms persisted. 
" Piathermy was appliec 
“grst treatment was given on , | 
 fighteen applications were made during a period of 
three months. 
- application. | 
© disappeared and did not return. By the end of the 
; year it had left the ankles, and was felt slightly in the 
Sole of the left foot. On January 22nd, 1914, treatment 
_ was left off. There was free and painless movement 


of the joints. 


q only stiffness of the joint was present. 
was approximately the same. 


> acquired in December, 1913. 
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Three weeks 
felt in the right hip; it persisted for 
Then both knees and the left ankle became 


plied to the joints affected, and the 
October 24th, 1913. 


The pain lessened after the first 
On November 20th the pain in the knees 


\ 


CasE 2.—Female, aged 17. Complained of a painful, 


- swollen left knee. The symptoms had persisted for 
_ five months. On examination, the joint was swollen, 
" que to the presence of fluid within the joint. There 
q ‘was limitation of the range of movement. A skiagram 
_ yevealed a thickened synovial membrane. 
> was commenced on April 2nd, 1914, and repeated twice 
_ weekly. After the first application the knee felt 
easier and could be moved through a wider range. 


Diathermy 


After the third application the pain disappeared, and 
The swelling 
After the seventh 


application the stiffness was much less. After the 


fourteenth the stiffness was very slight, and the range 
_ of movement was normal. 
_ was slight. The patient then resumed her work as a 
_ domestic servant. 

_ Case 3.—Female, aged 36. 


The swelling of the joint 


In-patient at St. Bar- 
tholomew’s, under care of Mr. Gask. CGonorrhoea 


In February, 1914, the — 
right knee became very swollen and painful, and the 


q ‘patient was unable towalk. Onadmission to hospital 


114  DIATHERMY | 


the joint was found to be swollen (non-fluctuating, 7 
and it could not be fully extended. It was very a 


painful. Gonococci and staphylococci were found 
the cervix uteri. Treatment by diathermy was co 
menced on March 2oth, 1914. The pain disappeared 


after the first application. After the third the knee 4 
could be moved without pain within its limiteq _ 
range. After the fifth the patient was able to © 
stand and walk without pain, and the back splint, 7 
which had been worn sincé admission, was removed. _ 
The patient spent the following fortnight at a con. 
valescent home. The improvement was maintained _ 


during this period, and when she returned the joint 


was found to be less swollen, and it could be nearly q 
fully straightened without pain. Four more applica. 
tions. were made, and when treatment was discon. _ 


tinued (eight weeks after its commencement) the 
patient was free from all discomfort save a slight 
degree of stiffness. 

In these three cases diathermy produced excellent 


results. On the other hand, the same treatment was 


applied to another case of long duration, in which 
there was much thickening of the extra-articular 


tissues and limitation of movement, with deformity. 


For this case diathermy was ineffective. If permanent 
structural changes have taken place diathermy is not 
likely to procure good results. | a 

- During recent months I have undertaken the treat- 
ment by diathermy of cases of gonococcal infection of 
the cervix uteri and urethra. These cases were sent 
by Mr. Kenneth Walker and Dr. Roxburgh, and I 
have been greatly assisted by Dr. Robinson, who has 
administered the treatment which I devised and re- 
corded the progress of the cases. The following 
method of applying diathermy to the cervix was 
adopted: The vagina is kept patent by a tubular 
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gs speculum. As an active electrode, a copper rod 
It is inserted into the canal of the cervix. 
tead of the rod electrode, a metal disc electrode, 


y, in. or 34 in. in diameter, may be pressed against 


“the cervix, with a felt disc of rather larger size, soaked 


in salt solution, intervening. When the disc electrode 
is used the cervix and its glands are heated through- 
out. With the rod electrode the mucous membrane 
of the canal is heated, but the external portion of the 
cervix furthest away from the canal, and the deeper 


_ parts of the glands, are probably less heated than the 
- mucous membrane. The tissues around the free ex- 
 tremity of the electrode would be as strongly heated 
as the mucous membrane. By passing the electrode 


' further in, the mucous membrane of the body of the 
uterus could be heated. : 


The indifferent electrode is placed on the back or 


| Be ydoren. The patient is usually able to tell when 


too high a degree of heat is being approached, but 


"superficial burns of the cervix were produced on two 


occasions. It is advisable at first to use the disc 
electrode and examine the cervix frequently, or better, 


place the bulb of a thermometer in the canal, The 
" treatment of the cases at St. Bartholomew’s was given 


twice weekly. Each treatment lasted 10 minutes, _ 
i To apply diathermy to the urethra a metal bougie 
_ was used as the electrode. 


Be 
~ oR 
- ae 
Y 


~ examination, by films and culture, showed the 


A table of the results obtained in seven cases is 
appended below. In all these cases bacteriological 


* presence, before treatment, of gonococci in the cervix 


or urethra or both. After the treatment gonococci 
> were not found in six of the cases. The remaining 


case ceased attendance béfore completion of the course, 


' and bacteriological examination was not made after 
_ the three applications which she received. 
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In treating gonococcal urethritis 


qq electrode might be replaced by 


nation and the subsequent 
electrode placed on the perineum. 
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the prostatic part of the urethra might be treated 


a Slightly concave meta] electrode, shaped like a q 
Shallow spoon, mounted on an insulating handle, ang 4q 
against the prostate, | 

is used as the active | 

can be heated, but — 

S not readily ascer, | 7 
tained. It may not penetrate much. below the mucous am 
not confine itself _ 


placed in the rectum and pressed 

If a metal bougie in the urethra 
electrode, the mucous membrane 
the exact distribution of the heat j 


membrane. The current does 


entirely to the metal, and the patient soon feelsthe heat, a | 


Neuralgia associated with herpes. 


I have treated one case of this kind by diathermy, 
and the pain was completely abolished. The patient, 
a carman, aged 65, stated that he felt pain in his: 
shoulder and arm, and a few days after arash appeared 
in the same region ; the pain became very severe, 
On examination, erythema was visible in the area in 
which pain was felt, with some minute red spots. 

Diathermy was commenced on December ioth, IQI2, 
A plate electrode was placed on the back close to the 
spine, and another was placed on the forearm. The 
first application was followed by relief. The treat- 
ment was repeated twice weekly for a month.. On 
January oth the pain was felt only in the elbow. On 
January 16th it disappeared. | | : 

The severity of the pain associated with herpes 
zoster in old patients and its intractability are well 
known. Diathermy was very effective for the case 
above-mentioned and should be tried for others. 


SEcTIon VII, - 
In this section will be mentioned 
for which [ have been unable to pr 
from diathermy after other methods 


certain maladies 
ocure any benefit 
of treatment have 
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4 ; d. The cases were of the chronic obstinate type 
ae . frequent electrical departments of hospitals. 
pic’ : chilblain circulation,” cases with cold, blue | 
. fies with or without swelling of the hands and 

4 D have been treated by diathermy, in the ea 
_ he elevation of temperature of the affected parts 
. 4 rove the circulation and restore the normal 
ition This treatment has, in my experience, 


re P : : in 
4 peen ineffective. The skin assumes a red colour! 
bee 


3 Jace of the cyanotic hue, and the patient feels mr 
a Pp bly warm in the previously cold parts, but the 
. Eiour returns in two or three hours, and the 
y cation of cold returns, though more slowly. Fre- 


q vent repetition of the diathermy is always followed 
q ay the same degree of cyanosis and cold. 


In Raynaua’s disease 1 have found diathermy con- 


3 a siderably less effective than the galvanic current 


directed from the extremities to the spine. 


a - J have tried diathermy in four cases of biecthens 
q neuralgia. One of the patients, a man of dy He ae 
the attacks of pain were less severe an oy pci 
q during a course of treatment lasting two months. 


applications were made thrice weekly. A second 


a ‘course was then given. The attacks, ee ne 
4 gained their original frequency and Oe anc ne 
attack occurred during the treatment. e i 
4 three cases obtained no benefit from the re a 
4 In artisan’s cramp and occupatian neuroses : a ae 
a seen any local benefit follow diathermy, alt ae 
general health of the patient has often pac ae 
_ My experience with diathermy in the treatme 


rheumatoid arthritis, osteo-arthritis, and other forms 


a of inflammation of joints (excluding gonococcal 

y traumatic arthritis) has been, in most oe o 
a appointing. In 45 cases, 18 derived no Bie ie ye 
derived temporary relief of pain, lasting for a 


= SSS S== a — = 
oo 
———— — 


| 
II 
} 
| | 
iM 
Ml 
WAY HI 
Ul 


120 DIATHERMY 


4 


hours. In the remaining seven the relief was of 4 


longer duration, and the patients felt considerably — 
better at the end of the course of treatment than at 
the beginning. I have seen no case in which perma. _ 
nent relief followed the treatment. Jf a focus of in. 9 
fection, responsible for the arthritis, can be found and 
removed, diathermy would probably be an effective 


form of local treatment. 


A male patient, aged 30, who had suffered pain in | 
several joints for two years, was an in-patient at St, @ 
Bartholomew’s, under care of Dr. Tooth. His teeth 


‘were very carious and septic. These received treat. 


ment, and the pain and: swelling of the gums dis- q 
appeared and the discharge ceased. During treatment _ 
alkaline baths and hot-air applications did not relieve _ ) 


the pains in the joints. Diathermy was then applied 
to the joints (knees, ankles, wrists, and right shoulder). 


This treatment was commenced on October 24th, 191373 q 


Eight applications were made. At the end of the 


treatment, on November 4th, the pain had completely 


subsided and the swelling had much diminished. | 


FIG. 20.—Cauterisation of 
muscular tissue by— 


(a) Paquelin’s c 
(0) Diathermy. ats 


Facing page 121, 


CHAPTER VIIl 


Tue Use or DIATHERMY IN SuRGERY 


e-: 


_ PiaTHERMY is used in surgery for the destruction of 
- diseased tissue and new growths. The destruction is 
 prought about by the heat that is developed in the 
morbid tissues ‘when the diathermy current passes 


through them, their temperature being raised to a 
degree sufficient to coagulate the tissues i stfu. This 


q method of treatment is known as “ diathermic cauteri- 
a cation.” It differs f-om other methods of cauterisation 
py heat, in that the heat is actually generated within 


the tissues, instead of being spread to them by 


conduction from a metal that has been previously 


heated to redness. The tissues conduct heat very 


badly, so that cauterisation extends only for a short 
distance around the heated metal. 
Fig. 20 (a) shows the limited extent of the cauteri- 


sation produced by Paquelin’s instrument. The 


burner, which was 0.5 cm. broad, was heated and 


thrust 2.0 cm. into a piece of muscle. The heating was 


JS 


kept up for twenty seconds. The tissue that was in 


contact with the burner was charred, while coagulation 
extended inwards for 2 mm. only. The same burner 
was then introduced—cold—for the same distance 
into another piece of muscle and acted as an electrode 
tolead the diathermy current into the tissue. Fig. 20 
(6) shows that coagulation has spread much further 
around, the distance being about 1°5 cm. below the 
‘end of the electrode, and about 1 cm. to each side. 
The cauterisation by the red hot plantinum had burnt 
out a hole with charred blackened walls. The size 
of the hole was larger than the burner, so that the 
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latter could be easily lifted out. In the case of the 4 
diathermic cautery the tissue round the metal drieq — 


and adhered to the electrode. There was no charring 
although the photograph gives this appearance, 


In diathermy the electrode is cold when it is placeq _ 
on or in the tissues, and remains cold until it is heateq 


from contact with the electrically-heated tissues, [py 
the other methods of cauterisation by heat the 
_ Cauterising metal is red hot before use, but cools 


down when introduced into the tissues. In these : 
methods the heat is introduced from without ang 7 


Spreads within by conduction. In diathermy the heat 
is generated within the tissues. The former methods 
produce cauterisation by “epithermy,” the latter by 
diathermy. | | 


The diathermic cautery is also quite distinct from 


electro-chemical cautery. In the latter the galvanic | 


current is used, and the cauterisation is produced by 
the caustic chemical bodies which accumulate around 
the electrodes. When describing the properties of 
the diathermy current it was mentioned that this. 
current produced no chemical change in the body 
and no direct stimulation of the excitable tissues. A 
very much larger current can, therefore, be used for 
diathermic cauterisation than for electro-chemical 
cauterisation, with a corresponding increase in the 
amount of tissue that can be destroyed. | 
It is possible, by diathermy, to raise the temperature 
of a growth till it coagulates 77 situ. The advantages 
of treatment such as this are obvious, especially in 
the case of malignant tissue. The growth and its 
vessels are not cut. The blood and lymph are coagu- 
lated and the vessels sealed. Infecting organisms 
are destroyed. The therapeutic results will be de- 
scribed later, but here it may be stated that, in the 
treatment of inoperable malignant growths, diathermy | 


q has, in 
a of life, 


 . —If abnorma 
4 eras it must be accessibl 


reach ol ues 
placed in contact, with 


q ere nose, pharynx, tongue, larynx, oop ey 
_ mouth, bladder, and cervix uteri can be ro 
B rec y an ich: arise from the wall of the stomac 
q et ies and project into the lumen might us 
_ and on e i eae by surgery—if the destroye 

_ ih Ean slough into the lumen and so make its 
a ie exterior, measures being taken to render 
} . Bane of slough elsewhere, anatomically 1m- 
> the. 


attempt at co 
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the relief of symptoms and the prolongation 
ed 0: d expectations. oy 
ualled or surpassed e3 ae 
determining suitability for cauterisation by 
es 1 tissue is to be destroyed by 
e—that is to say, ck 
| t be 
because the latter must | 
ae nt Growths and infective 


n . 


sible. If the growth has infiltrated into parts 
poss ; 


a ich could not be destroyed without danger, i 
q am ble for diathermic cauterisation—at any ra a 
7 c. a e of complete removal. If a growth of, 
4  . ata of the mouth has infiltrated into the 
say, 


ion and into the jaw, an 
ski the sub-maxillary region | 
. mplete destruction would do more harm 


than good. Growths which had infiltrated less far 


' but were too advanced for any cutting operation have 


d during the past nine 
: the bulk of those treate ) 
i. * St. Bartholomew’s. The results which have | 


j been obtained will be described later. The less 


widespread the growth, the better the result; till 


q finally we come to the cases in which diathermy 


would compete with the knife. Few of these have 


: of 
come under my observation; but the quickness 


the operation by diathermy, the absence of bleeding, 


q the freedom from shock and the very short stay in 


hospital render desirable an extended trial of the nie 
Bethod for growths which are surgically operable. 
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If the general iti | 
condition of the - : a 

ca ia j patient is f 
estes is present, diathermic autre and 
babiy follo . lay med on such cases, pain aa in~ 
Ww, an od present, it ’ pro. 

The 1 Y rt may be a r - 
tion . The pr a risk of hemorrhage after the e “a 
oll presence of glands enlar : era. @ 
1s : ; : ged b the q 
not a contra-indication to diathermy if cachea al a 

| la is @ 


eee 
absent. [hey may be excised afterwards. if Possib] 
H ’ Jie, 


SEcTion: I, 


Principles of the meth 
Ss 10d of eauterisation by 
diathermy. a 4 


When diather i 

: my is to be used for — 

nm | surgical a 

poses the current must be led through ihe tisell _ 
: wie es a 


that are to be d 
estroyed. Two elect 
rod 
sen i required. In the method usually Ber teal 
nts he ‘ oe smpolbis electrode, is placed in eon 
e morbid tissue; the othe ndiferan 
ie er, the 
voseaei is placed on the skin of ae el 
e body. The current then passes through ail 


ab 
a tissue without harming the healthy part 
ere on the circuit, a large indifferent olectretl 


is chosen m 4 
one ae as to make contact with a large area of q 
active electrode, on the contrary makes 4 

A 9 a 


orth with a very small area of tissue 

ad = pn pees the indifferent electrode, if the 

olpes ently large, will then be but slightl | 
» because the path for the current in these 


arts 1 ; 
parts 1s wide and the current density correspondingly ; 


low. ‘he. 1 
sae ont meri ines with the active electrode 
eate ecause the : | 
, | be ath for 
ice is narrowest in this situation a the sea 
the current highest. The highest temperature will 


always 
active € 
of the cur 
 jower as t 
creased, ti 
; outside the destruc 
' The actual distance 


_ whic 


‘The indifferent electrode 1 
such as lead 1s inch thick, 
: for: connection to t 


a cable from the diatherm 


= the ends of the core, so 
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be in the tissue in immediate contact with the 
n the tissues along the path 


lectrode, while 1 
rent the temperature will be progressively 


he distance from the active electrode is in- 
li at a certain distance, the tissues will be 
tive influence of the diathermy. 


depends upon certain factors 
h will be considered presently. : 


Section JI. 


Electrodes for surgical diathermy. 


s a sheet of pliable metal, 
with a terminal attached 
he cable from the diathermy 
It should measure about 6 in. by 8 in. 

de consists: of a handle, which 
is grasped by the operator, and an end-piece, which 
makes contact with the tissue. The handle is made 
of ebonite, containing a metal core to conduct the 


current through. Into the. metal core is screwed the 
y machine at one end and the 


The ebonite projects beyond 
that when all the parts are 
screwed in position there is no bare metal near the 
operator, all being suitably covered by insulating 
material. The handle is shown in section, in Fig. 21, 


machine. 
The active electro 


end-piece at the other. 


half the natural size. 3 
ach parts 


ndle is desired, so as to re 

e distance from the surface, a middle- 

piece can be inserted between the handle and the 
end-piece. It is made of springy or stiff wire covered 
with insulating material; one end is screwed into the 


handle and on the other end is screwed the end-piece. 
Those made 


Various forms of end-pieces are made. 


If a longer ha 
which are at som 
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by Siemens* are shown in Fig. 22, in their natural | 
size: (a) is a single needle ; (6) terminates in a 
5 mm. in diameter, carrying a short spike to 
it in the tissue ; (c) terminates in a metal plate, 


: _? 10 i 
by 5 mm., carrying five Spikes, each 6 mm. long. © 
edged metal blades 


use a different Sized a 


(e) and (/) are narrow, blunt- 
Each of these end-pieces can ca 
and shaped mass of coagulated 
tissue when used as the active 
electrode. Indications for their 
selection will be given later. 
The portions of these end- 
pieces which are not intended to 
make contact with the tissue 
requiring cauterisation are in- 
sulated by a covering of black 
enamel. This wears off before 
long. The current will then 
Pass into and burn any tissue 
which may be in contact with the 
uncovered parts. Another in- 
convenience is the fact that these 
electrodes are built up of a 
number of parts which have of cable 
to be screwed together before Fic. 21.—Handle for the 
the complete electrode is ready _ active electrode (reduced 
for ise: : one-half). | 
I have designed other ele 
disadvantages (see F ig. 23). 
and the middle-piece is there 
end-pieces (Fig. 24) are much 
minimum amount of uncovere 
bare part is that which comes i 
. to be cauterised. Some of t 


ctrodes to overcome these 
The handles are longer 
fore unnecessary. The 
Shorter and present the 
d metal, so that the only 
n contact with the tissue 
hese end-pieces are discs 


* These are now made by Alfred Butt & Co. 


a disc, 
anchor | 


FIG. 23.—Handles of surgical electrodes — 


a. End for attachment of cable. 
b. End for attachment of end-piece. 


Facing page 126. 
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i of different diameter. One is a rectangular plate, 
'j2mm. by 6 mm., bearing five metal spikes, 6 mm. 
jong. One is a single needle. Two are narrow, 
" plunt-edged blades, one of which is curved the other. 
- straight.t | 


Electrodes for less accessible regions —The electrode 
- jlustrated in Fig. 25 is particularly suitable for: 


diathermy of the pharynx, larynx, or oesophagus. 


y 


i >. FIG. 22.—Various forms of end-pieces for the active electrode 
(actual size). } 


. Fig. 26 shows the same electrode in section, the lined 
= part representing the metal conducting core. Like 
the surgical electrode previously described it is made 
up of a handle and an end-piece. A middle-piece 
connects the handle and the end-piece. When these 
three parts are fixed in position the electrode is pistol- 
m shaped. In the figures they are shown separated. 


+ These electrodes are made by Watson & Sons. 


128. Ai @ DEAT 


The handle AB is made of ebonite, deeply buried 
in which is the metal conducting core. To one end _ 


A is screwed the cable from the diathermy. machine 


Over the other end B slides the proximal end C of ( 
the middle-piece CDE. This piece is made of insy. 
lated steel wire, :% in. in diameter (over all), screweg 
into the ebonite end CD, which slides over the pro. 

_ jecting end B of the metal core of the handle AB 
The middle-piece is of the smallest possible diameter, a 
SO as not to obscure the view when passed along the i. 
air passages. The terminal piece is screwed on the 


FIG, 25.—Electrode for diathermy of the pharynx, larynx or 
7 oesophagus. Bi 


end E, Any one of the end-pieces shown in Figs. 21 
and 25, may be used. For diathermy of growths that 


arise from the walls of the cesophagus or rectum, and 


obstruct their lumen, an end-piece was designed by 
the writer from a suggestioon by Mr. Harmer 
(Fig. 27). It has been used for growths obstructing 
the cesophagus, | 
It is made of a short ebonite rod of the length and 
diameter of that portion of the lumen narrowed by 
the growth. It terminates in an acorn-shaped head. 
The ebonite rod bears, on part of its surface, a metal 
cheek of the same length as the rod. In breadth this 


q position of the stricture. 
a position, 


1 else the metal con 
 sulating material. 


one 
es! 


as 
iy Ra 


= ~ Dean. 
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ter of the circumference of the rod. 


} ‘js one quar eet 
. Iie: screwed on to the end of the middle 
“This end-P. : 

“piece previou 
4 ing length and “ 


eis 
ly described. | 
i idth to suit different strictures, 


It can be made of vary- 
the 


aS 
D NS ree ICIS THLE 
seeeprlmeee se aah LUE LLL 
aie ns 


I Td A deh ddehahecnaiedaatach 


FIG. 26.—The same electrode as Fig. 25 shown in section. 
et o the 
length of middle-piece also varying according t 

e€ 

f the active electrode are in 
pt at the free end 
Everywhere 
d with in- 


arts O 
- When the three par 
4 there is no bare metal exce 


ntact with the tissue. 


ich makes co 
. ducting core is covere 


metal cheek | 


ijathermy of malignant stricture of the 


= iece for d 
__-—s*FiG. 27.—End-piece ae ete: Hecke 


27), are made by A. E. 


7 The electrodes (Figs. 25; 


- ‘ 


of the bladder an irrigating cystoscopy 
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The electrode is a long wire covered with water. _ 


proof insulating material, except at its extreme e 


latter is passed along the side channel of the cystos 


described later (p. 174). 


SEcTion III, 


Experimental cauterisation of tissue. 


When performing cauterisation by diathermy onthe — 4 


living subject, the width to which destruction pro- 
ceeds on the surface can be seen by the pallor 
accompanying coagulation. The depth to which coagu- 
lation proceeds, and the shape of the coagulated mass 
are, however, hidden from view. The importance of 


knowing the depth to which coagulation extends 4 


when operating on the living subject is evident. The 


dimensions of the mass of tissue which is cauterised, 


when the diathermy current is passed through the 


tissue, are determined by a number of factors, [| have 


made several experiments on masses of tissue, such as 
muscle, liver, etc., in order to ascertain the extent to 
which coagulation proceeds under different conditions. 

These experiments can be easily repeated, and 


Should be performed by all who wish to practise | 4 


cauterisation by diathermy. 

The tissue is placed on a metal plate, 8 in. by 
6 in., which acts as the indifferent electrode. For 
the active electrode a handle, with an end-piece com- 
posed of a disc 6 mm. in diameter, may first be used. 
It is placed on the tissue and the current is now 
started and gradually increased. 


! 


cage nd, 4 
which terminates in a platinum knob, which has the _ 


Same diameter as the rest of the electrode. Thea 
cope — 
intended for the catheter for the ureter. It conveys 
the current to the interior of the bladder to the region 
or situation desired. Details of the operation will be _ 7 


4 jaterally 


' dart across 
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4 

The 
tissue } 
‘from ‘coa 


following phenomena are noted : a the 
n contact with the active electrode Ww oe 
gulation. The coagulation then sprea : 
beyond the edges of the sg Seen 

bubbling noise is then heard. mele 8 
‘4a the escape of steam from the hot tissue. fina 7 
,° jing sparks pass from the edges of the electro e 
i Be hitened tissue. If the current is continued 
a ther increased, the sparks increase, and the 
: in the region of the electrode chars. | The 
- f the appearance of sparks is the drying of 


hissing, 


{iss 
7 yeason O 


the coagulated tissue under the electrode by the heat, 


uence, the increase of its resistance to 


| E 
“and, in cons cae dried tissue conducts very badly, 


the current. 


"and the current passes in the form of sparks which 
a 


& 
am 


from the edges of the electrode to better 


conducting tissue beyon : 
: Se rurther destruction of tissue is now due to the 


q guterising action of the sparks. These cause — 
q fcial burning and charring. It is possible to bur 


in this way,* but, in the living subject, the 


q * See Fig. 30 (c). 3 K 
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coagulation extended when an end-piece consisting off 


; 
9 


a disc, 6 mm. in diameter, was used, and the current 


gradually increased till bubbles of steam escaped, | 


This occurred after six seconds. | 


_ The view is that of a'section at right angles to th a 
surface through the centre of the coagulated ma a 
Coagulation had extended below the surface to a 
depth of about 6 mm.,a distance equal to the diamet 7 
of the disc end-piece. _ Coagulation had also extend a 
on the surface to a distance of 3 mm. from the edeaill 
of the disc. The mass of tissue coagulated was rathea q 


less than a hemisphere. . 


When discs of larger or smaller diameter are used 4 
results similiar to those above described are obtaine q q 
but on a larger or smaller scale, in proportion to the i 
diameter of the electrode. Fig. 28 (6and.c) illustrates _ x 
the results when discs of 10 and 15 mm. diameter are ] 
used, the current being increased till ebullition of the . 
tissue fluids occurred. The coagulation spread in 
each case to a depth equal (approximately) to. the 4 


diameter of the disc. 


When discs larger than 15 mm. are used, the q 
current may not reach a density great enough to @ 
produce a temperature high enough for coagulation, 


except immediately below the surface. 


When the active electrode is a disc or plate bearing q 
a number of spikes (see Fig. 22 (c)), coagulation can a 


be produced more deeply, as the spikes will convey 


the current through the dried tissue which forms 4 


under the disc. Fig. 29 (a) shows the _ tissue 


coagulated when an end-piece somewhat like that 
shown in Fig. 22 (c) is used. It was composed of a 4 


disc, 10 mm. in diameter, bearing 5 spikes, each 6 mm. 
long. ‘The current was increased at the same rate as 


in the previous experiment, in which a disc of thesame _ 
diameter, but without spikes, was used. Coagulation a 


4 ‘FIG. 28,—Masses of t 
a (a), 10 mm. (b) an 


(0) 
issue coagulated whe 
d 15mm. (c) are used. Theen 


in section. 


Ge 20. 


(c) 


n disc end-pieces of 6 mm. 


d-pieces are shown. 


(a). - 
lated when the disc end-pleces 


—Masses of tissue coagul 
bear spikes. 
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read 17 mm. below the surface, ze, 7 mm. further 
‘than when the same sized disc without spikes was 
Iised. Fig. 29 (b) shows the result when the disc 
“carried spikes 12 mm. long. The coagulation spread 
47 mm. below the surface. 
“Ifa single needle end-piece (see Fig. 22 (a)) is used 
and thrust into the tissue, the appearance of the 
coagulated mass is that seen in Fig. 30(a). A sheath 
of coagulated tissue, about 2mm. thick, surrounds the 
needle and extends for the same distance below the 
point. ies | aan 
_ The character of the tissue, whether dry or moist, 
also influences the depth to which coagulation can be 
‘carried. A relatively dry tissue, such as the skin 
or capsule of an organ, will be rapidly made com- 
pletely dry and non-conducting before coagulation has 
spread far. If the current is led through bone the 
_ periosteum dries very rapidly and sparks appear 
almost at once. : eh 
a In the living tissues the circulating fluids further 
complicate matters. The circulating blood tends to 
conduct away the heat from the hot tissues and has 
the effect of preventing coagulation in the region 
_ where the heat would, in non-vascular tissue, be just 
_ sufficient to cause it. 
It will be seen, therefore, that the depth to which 
coagulation occurs depends upon many factors. Asa 
__ practical guide, when cauterising the living tissues, it 
~ may be said that, when disc electrodes are used, the 
_ depth to which coagulation will spread, in tissues of an 
_ average degree of vascularity, is equal to the diameter 
of the disc, when the current is increased (from zero) 
gradually, that is, when the regulating handle is 
_ moved so that about thirty seconds would be occupied 
_ inmoving it from zero to maximum ; directly bubbles 
of steam escape, further increase is stopped and the 


— = : = —— = - : 
= ~ — = eS Sas et eS 


a 
i): 


134 =  -DIATHERMY 


current switched off. This has been the Way: an 
which I have regulated the current in the great. 
majority of the cases in which I have had control of _ 
the machine. When spikes are attached to the disc 
coagulation can be produced more deeply. | Inspection — 
of Figs. 28, 29 and 30 will show the size of the Mass 
coagulated with electrodes of different kinds, and give. 
the operator an idea of the amount of tissue he is @ 
likely to destroy. a 
_ There is yet another factor which I have found to 
influence the depth and lateral extent to which coagu.~ 
lation proceeds, viz., the rapidity with which the | 
current is increased. Inthe previous experiments the _ 
current was increased gradually, that is, the regulat. _ 
ing handle was moved at a speed so that about thirty 
seconds were occupied in its passage from zero to maxi _ 
mum. If, however, the current is increased very. : 
rapidly, or applied at once at full strength, coagulation _ ; 
will spread less deeply, for the following reason. The — 
diathermy current does not coagulate the tissue 
instantaneously ; some of the heat is conducted away a 
(though slowly), and it takes time to elevate the — 
temperature to coagulation point. Now, if thecurrent — 
is suddenly started at the strength at which boiling — 
appears, without gradually increasing it from zero to _ 
this strength, the sudden intense heat quickly dries a 
thin layer of tissue in immediate contact with the | 
active electrode, and sparks appear before sufficient 
time has elapsed for the temperature of the deeper part 4a 
to rise to coagulation point. If, on the other hand, the — 
current is very slowly increased, with the endeavour — 
to delay the drying of the tissue in contact with the 
active electrode as long as possible, there will be 
sufficient time for the tissue at a greater depth to 


ao 


coagulate. These factsare illustrated in Figs. 30 (6) and q | 


31. When the current was started at full strength and 


i When current: 
ngle needle end-piece. (a) 

i ts. (b) When 
is i ed at the same rate as inthe other experiments. (0) | 
Bee rcut is started at once at full strength. (c) Combination of 
coagulation and long-continued charring by sparks. 


Fic. 30.—Coagulation with si 


31.—Mass of tissue coagulated by needle end-piece when 
ae current is very slowly increased. 
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: poiling commenced almost at once, coagulation ex- 


yended for only 1 mm. around the needle (Fig. 29, 4). 


When the current was very slowly increased and 
4hree minutes elapsed before boiling occurred, the 
‘coagulation had spread 4 mm. around the needle 
(Fig. 31). A needle end-piece, 20 mm. long, was used 
qn these experiments. Fig. 30 (a) shows the depth 
‘to which coagulation extended when the regulating 
pandle was moved at. the speed recommended, viz., 
‘thirty seconds from zero to maximum. This was the 
speed adopted when the results shown in Figs. 28, 29 
“and 30 were obtained. 


a 
af 


- During the operation on the living subject, it 1s 
when small end-pieces, such as the single needle 
© and discs of small diameter, are used, that the rate 
ef increase of the current plays the most important 


part. When the largest discs are used the current 


density is low and the rate of increase of heat is slow. 
Coagulation, therefore, spreads further, out of propor- 
" tion to the size of the end-piece, even if the current is 
q quickly increased. Fig. 32 shows the amount of tissue 
4 coagulated during an experiment when a disc of 20 mm. 
was used. Vigorous boiling occurred after 3 /2 minutes, 
- and coagulation had then extended 25 mm. below the 
disc, ie. 5 mm. further than the diameter of the disc. 
The drying of the tissues during diathermy can be 
artificially prevented by allowing salt solution to drop 
' around the active electrode. If this is done, and a 
_ disc end-piece used, the maximum current which the 
_ machine is capable of giving can be passed for four or 
_ five minutes without the appearance of sparks, and 
_ very large masses of tissue can be coagulated. Fig. 33 
__ shows the tissue coagulated when the active electrode 
_ was a disc 6 mm. in diameter and the full current was 
passed for five minutes ; drying was prevented by salt 
solution. be. | 
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This method of increasing the width and d 


of coagulation has not been yet used in ac 


tual 
practice. : 


Section IV, 


_ Method of treatment of malignant growths by . 4 2 


diathermy. 


Anesthetic.—If diathermy is to be applied to small | : 


epth 


i 


portions of tissue, in less sensitive regions, that can be q 


destroyed in a few seconds, and with weak curre 


and the tissues will become unbearably hot, so that an 


anzesthetic is necessary. A general anesthetic is a 
necessary if the patient cannot be trusted to remain a 
still, especially if the treatment is to be applied toless 4 
accessible parts, such as the larynx and nasopharynx, 
For most of the cases that have been treated at. a 
St. Bartholomew’s Hospital, a large proportion of — 


which were inoperable malignant growths, a general 
anzesthetic has been used. : 

Regarding the selection of the anesthetic, it 
should be remembered that if ether is used during 
diathermy in the mouth or air passages, any sparks 
produced might explode a mixture of ether vapour 
and air whenthe gases were mixed in the right 
proportion. | 

The choice of electrode.—When the growth is on the 


external surface of the body or in the mouth, and— | 


readily visible without aid, the simple handles shown _ 
in Fig. 23 should be used. | When it lies in the region 
of the larynx or cesophagus, the handle shown in | 
Fig. 25 is more convenient, as it does not obscure the 
view of the operator. Different lengths of middle- 


nts, @ 
no anzsthetic is required. If a large mass is to be _ 
destroyed, the heat will accumulate, especially if. | 
stronger currents are used and for longer Periods, 9 
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: ‘ece can be attached to the handle, according to the 
piece 


: Br iadder can be reached by way of the urethra, 


e of the tissue from the exterior. Growths in 


ing a cystoscope and an electrode made of a long 
springy insulated wire, described on p. 137. 


The choice of the end-prece should depend me ie 
a e of the growth or ulcer and the depth of init 
at n. Ifthe growth is very small, not larger than 
a tor ‘€ the ulcer has the same diameter, the single 


needle end-piece may be used, and the tissue transfixed 


a to the desired depth. If the ulcer is larger, a disc 


end-piece may be used, its diameter equal to the depth 


: to which infiltration has spread. If this is more than 


1eCe | ikes may be used. 
ye cm., an end-piece bearing sp! | 
ce of larger diameter than 1°5 cm. reduce the 


| q density and heating power of the SS - al 
a 101 ecially ai the tissue 
-- eause deep coagulation, esp | 
. Py vascular. The blade end-pieces (Fig. 24) are 


used for the purpose of combining diathermic coagu- 


in ‘ fi d 
-_jation and excision.’ This operation can be pacing : 
. when the malignant tissue 1s freely movable ov 


healthy tissue, and the latter can be cauterised with- 


: out risk to important structures. It can also be per- 


formed for the removal of fungating masses, even when 


a itis impossible to cauterise bey ond the level to which 


‘nfiltration has spread. This operation will be de: 


q scribed shortly. 


The ball end-pieces are useful when the surface 1s 
irregular. By varying their pressure on the tissue 


a 4 
they can make contact with a small or large area, an 


nt of tissue cauterised can be regulated. 
sition of the indifferent electrode. —Vhe saci 
electrode should be placed on the trunk—ei oo c 
or abdomen, when the-patient 1s lying a ie so 

To ensure even contact with the skin a !o 


, ‘towel, measuring, when folded, say 8 in. by 10 in., 


>= —— - - - 1 : 
= 
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well soaked in hot saline, is interposed bees 7 
een a 


the metal and the skin 

measure about 6 in. by 8 in. vcchosana a 
im position. It is a matter of great ; 
ber the moistened towel should. make contact « 
ail points with the body, and that it shoal si 
a any otherwise the skin will be burnt, pa er 
arly if long applications are made. It is om 


weak solution or tap water are used they will prese 


will rise, and the skin may be scalded 


a einen of the diathermy turrent—Before the g 
my current is switched on, the el a 
always be in position. Th n, the electrodes must 7 
; e active electrode is pl , 
in the desired iti 'S paced 7 
position, and it must not b : 
: ae | € moved — 
a me body until the current is switched off - onal @ 
orrents of sparks. will dart between the electrode © { 


[. — ssa burn neighbouring parts - 
: who touches the indifferent elec | 
° : , 
or se uncovered skin of the patient, or the wncow a 
ea the active electrode, may receive sparks 
eh : grapransend oe should be started from zero 
rength should be gradually in ‘The 
regulating handle which con ve sive 
| trols the strength 
current should be moved from zero towards oneal 


and about thirty seconds should be occupied in the 


movement. Directly bubbles of steam escape the 


current should be stopped and the regulating handle | 4 | 


ee to zero. The electrode is then placed on an 

- le ape and the current again started and 
as before till steam bubbles 

| escape. The 

see Is repeated till all the tissue pei: Is to be 

oe has been coagulated. we | 

the tissue in contact with the end-piece of the 


> bandaged 


necessar is very 
y that strong solution, not less than ro nel _ 


cent., should be used for saturating the towel. if 4 


a. hi s — 3 
gh resistance to the current, their temperaeanl | 
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electrode becomes dry it will adhere to the metal. 
Sometimes it adheres so tenaciously that a portion 
of the coagulated tissue comes away with the electrode 
when the latter is removed. A sharp instrument 
then be necessary to clean the metal end-piece, 


may 
y if the latter is studded with spikes. If the 


especiall 


electrode is re-applied when dried tissue is adherent 


to it sparks will quickly appear when the current is 
started. The best plan to adopt when tissue adheres 


4 to the end-piece is to dip the latter in very hot or 


poiling salt. solution and wipe it clean. It is always 


advisable to stop the current before the tissue in 


contact with the active electrode dries, for the removal 


of the electrode may bring away tissue and trouble- 


come bleeding may occur. If the current is stopped 


© when boiling begins, the active electrode can be re- 


moved without any tissue adhering to it; 
It is tempting, after coagulating the malignant 
tissue, to scrape it away with a Volkman’s spoon or 


blunt ‘nstrument. This is not to be recommended 


because bleeding is very likely tooccur. In the lower- 
most region to which the cauterisation has extended, 
only the fixed tissues will be coagulated, not the 
circulating blood, and the latter will escape if the 


- coagulated tissue is scraped away. If it is desired to 


remove coagulated tissue the blade end-pieces (Figs. 
22 and 24 should beused. These have been used for the 
excision of growths and ulcers without a preliminary 
coagulation 7 situ, but, in my opinion, it is much 
better to perform this preliminary coagulation before 
excising it with the blade end-piece, because the 
chances of disseminating the growth are thereby con- 
siderably lessened. : : 

When the blade end=piece is used, it 1s thrust into 
the tissue, and the current increased till the tissue 
around coagulates and boils. It is then moved in the 
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di ° e ° e c 

: sari of the cutting edge till it lies just outside th 
agu ated region, and allowed to remain in its ny : 

position till the surrounding parts have been comely 


| Th :% 
en The process 1s repeated till the mass desire 4 
S been excised. The current is allowed to flow all a 


the time. : | 
_. A probably better plan is to stop the current when 


<lnnbe has taken place around the electrode. __ 
3 e the regulating handle to zero, move the “7 | 
piece into its new position, and again start and _ 


Sanaa current. If the current is allowed to 
vi Se eee ie the temptation is to move the end, 
pave rd too quickly without completely coagu- 
a ng the tissue ahead of it. Bleeding then occurs 
Bleeding during cauterisation by diathermy is a 


hindr | 
drance to the operator, as it obscures the view _ 


ae celaye progress, while chances of dissemination 
: increased. . It is never profuse unless the blade 
. is: drawn across an artery of appreciable 
sini Hs lingual) without allowing time for 
sn salon nl Ow oozing may occur from the follow- 
I. Scraping or cutting away the coagulated tissue, 
It has been mentioned above that in the 
regions furthest away from the active 
| electrode, a degree of heat, which ‘is just 
sufficient to coagulate fixed tissue, will not 
coagulate circulating blood. The blood. bein 
a movable tissue, passes out of the neste 
regions before sufficient time has elapsed for 
Its coagulation. ‘There is, therefore, a region 
where blood is circulating through coagulated 
tissue, and scraping of this part will be 
accompanied by hemorrhage. oa. 
2. If the tissue under the active electrode becomes © 
dry it is liable to adhere to the end-piece. 
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When the latter is lifted off, a mass of tissue 

may come with it, especially if the growth is 

friable, leaving a-raw area from which bleeding 
: may take place. 

3. As already mentioned, too rapid movement of 
the blade electrode will not coagulate the 
tissue through which it moves, and bleeding 

is then likely to take place. } 7 

‘4. The malignant tissue adjoining that which is 

j being cauterised becomes very hot. Engorge- 

ment with blood then occurs and the latter 
readily escapes. 

When bleeding occurs, the region from which it 

escapes should be covered by a disc end-piece, which 

should be pressed against the part so as to block the 


‘outflow. The current is then started and gradually 


‘ncreased till steam bubbles escape. A few drops of 
strong hot salt solution should be placed around the 
end-piece, and then the latter can be lifted off without 
bringing away tissue with it and starting the bleeding 
afresh. If blood oozes away from a larger area than 
can be covered by the disc end-piece, the bleeding 
from the uncovered area should be stopped by 
pressure witha small swab while the tissue covered 
by the disc is being cauterised. The disc can then be 
placed on adjoining areas and the cauterisation re- 
peated, any bleeding from adjacent areas being 
checked as before by pressure with a swab. 

‘If it is wished to cauterise tissue in close vicinity to 
important parts without damaging the latter, the 
safest plan is to use two active electrodes and dispense 


‘ with the indifferent electrode. The end-pieces 


attached to the active. electrodes should be single 
needles and mounted, parallel to each other, on a 
single handle, % in. apart. They are insulated from 
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each other and connected, by way of suitable 


terminals, to the diathermy machine. I have used, 


for this purpose, the needle electrode devised for 


treating nzevi by electrolysis. Cauterisation will - q 
proceed around and below each needle. The depth 
to which the coagulation proceeds is then more under 


control, ana is influenced by the depth to which 


the needles are inserted. Complete control of the | q 


depth to which coagulation extends is not possible, 


and it would be unwise and unsafe to try to extend it 


close to a large artery, such as the carotid. The 
artery should be tied first if it is wished to coagulate 
tissue in close vicinity. 

Cauterisation of growths obstructing awsophagus.—The 
end-piece shown in Fig. 27 has been used at St 
Bartholomew’s for some cases of post-cricoid growths 
causing obstruction of the cesophagus. It could be 
used for growths of lower parts of the cesophagus. 
One should be selected which has the same length as 
the stricture, and a diameter equal to the width of the 
narrowed lumen. It is passed through the stricture, 
and then partially withdrawn until the shoulder of the 

enlarged end rests against the distal end of the 
stricture. The metal cheek is then in contact with 
the wall of the stricture, which will thus be coagu- 
lated when the current is switched on. The width of 
the metal cheek is one quarter of the circumference of 
the ebonite rod, so that when the electrode is rotated 
through a right angle, the cheek will come into 
contact with the next quarter of the stricture, which 
can then be coagulated. If necessary, a third and a 
fourth rotation, each through a right angle, will bring 
the two remaining quarters of the stricture succes- 
sively under the influence of the diathermy. The 
Strength of the current and its period of flow, when 
this end-piece is used, depends upon the surface area 


THE USE OF DIATHERMY IN SURGERY 145 


of the metal cheek. That shown in Fig..27 measures 
oO : 


; ich it was tried 
1/ in. In one case in whic 
y, in. by % 


ulation on the surface began after thirty seconds 
Bc current of one ampere. Longer applications 
om id be necessary if deeper coagulation were desired. 
DS romths of Bladder.—¥ or growths of the bladder an 


electrode fitted to a cystoscope may be used. The 


‘method is described later (p. 174). By its means the 


growth is destroyed in small portions pmepien 
application of the current. An alternate ue fe) beck 
open the bladder and proceed as in the case of gro : 
ae . 
a i to bo reed when cauterising by chathermy. 
(1) Arteries and veins.—The circulating neon are ~ 
easy to coagulate by diathermy because t — 
ass into and out of the path of the curren sgt 
their temperature hasbeen raised to coagu Bs 
point. In capillaries, in which the flow is slowest, the 


blood can be coagulated in the regions where the 
current attains a high density, but where the density 


jis just high enough to coagulate the fixed pees sa 
blood will escape coagulation. If the as = . 
‘little larger than capillaries the flow ener t] 7 “4 
uicker, and a degree of heat which is sufficient 
Be alate the blood in capillaries will be posi e ai 
to coagulate the blood in larger vessels. fo asi 
in small arterioles and venules can be coagu - i . 
these vessels lie very close to the active electro , 
If, however, the vessel is wider than, ee 
knitting needle, it is doubtful whether the se 
blood can be coagulated even if it hes imme la e 
under the electrode. The risk of hemorrhage is 
‘mmediate but later, when the coagulated Lue na 
sloughing away, for although thrombosis is i : is 
take place when the vessel walls are destroye bs 
thrombus may separate during : sloughing. 


See 2 = 
— 
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diathermy is performed f 
: or carcinoma of the t 
which has infiltrated deeply, and the catterisarieg ial 


lingual artery is a likely source of hemorrhage wh 
en 


been extended close to the vessel, When the 7 
e 


complications that ma 
a: y occur after. diat 
considered, mention will be made Pie: a 


growths which have infiltrated near the vessel. 


(2) Bone.—If bone is in close proximity under the - a 


“sao ines Be of the bone after separation of 
gh 1s then possible, and pai “ 
may result. Surgical treatment will tet be reall 
It may be necessary in some cases to nee a : 
periosteum, and in others it is cauterised in s te f 
efforts to prevent it. Every effort must then b Peal 
to prevent secondary infection, aa 
eine during diathermy.—Wh en cauterising growths 
e tissues in the vicinity become cedematous and) 
ae When the growth is in the region of th ; 
arynx the glottis may be obstructed. Itis, theref a 
advisable to perform tracheotomy before canter 


growth or ulcer there is a risk of destroying the 


growths close to the glottis in order to avoid risks of 


asphyxia. 

If a growth has narrowed | 
cesophagus, the cedema var iia al 
cause complete obstruction. A tube should ae for 
be passed and allowed to remain in position 1 1 he 
oedema has subsided. | oe aaa 

Liffects following diathermic cauterisation of malion ‘ifs 
growths, (1) Local.—The tissues in the re 2 ee 
the cauterisation quickly become mtieumie Th 
cedema begins during the operation, and is alia ie 
more apparent when diathermy has been a lied “ 
growths of mucous membranes. The sorelliae lee 


: a cases of 4 
hemorrhage from this vessel. It is advisable a a 


ligature a 
g ny artery of size before cauterisation of cauter 
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to the cedema may cause obstruction of narrow 
assages, as mentioned above. : “ 

(Edema of the eyelids is noted after cauterisation of 
growths or ulcers on the face near the eyes, and 
occasionally when they.are further away from the 
eve, ¢.g., on the lower part of the cheek. Considerable 
swelling of the neck occurred in a case in which | 
ised enlarged tonsils without excising the de- 
stroyed tissue. « Wei 

The oedema subsides after two or three days. 

Exudation of lymph begins soon after cauterisation 
of growths of mucous membranes and persists while 
the cedema lasts. It may be profuse for twenty-four 


hours and cause thirst. 


- The cauterised tissue begins to slough away and | 
the separation is complete in about three weeks. The 
slough acquires a particularly disagreeable odour. 
Granulation tissue quickly fills the cavity left by 
the separated slough, and new epithelium covers it. 
The new tissue does not shrink or form adhesions 
with parts in contact. . 

Keloid sometimes develops in the skin. This is 
especially liable to occur when the cauterisation is 
limited to the skin. I have seen it in cases in which 
the epithelium has been accidentally cauterised under 
the indifferent electrode, also in a case of lupus which 
I treated by diathermy. 

(2.) General. Effects on patient.—Shock rarely 
occurs after cauterisation by diathermy. In all the 
cases on which I have made enquiry, signs of shock, 
such as fall of temperature, cold extremities, feeble 
pulse, etc., have never been observed after the oper- 
ation. The cases, on return from the operating theatre, 
are packed in blankets -with hot-water bottles, and 
the signs mentioned do not occur. A rise of temper- 
ature ig sometimes noted on the day after the oper- 
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ation, but, unless complications occur, it subsides on 
the third day. It usually reaches 99°4° or 100°, rarely 
a higher value. 


Pain is slight or absent, and if present before the a 


operation, is usually relieved. The degree of discom. 
fort following the greater number of cases of operation 
by diathermy is surprisingly small, if the genera} 


condition of the patient is fairly good before the cauter. _ | 
isation and cachexia is not present. The patient ig 
able to sit up in bed on the day after the operationand 


getup onthe third day. The separation of the slough 


is asource of discomfort more to the attendants of the 4a 

case and the other inmates of the ward than to the | 
patient himself, as the odour is disagreeable and ~ 
penetrating. After the separation is complete the 


odour disappears, 


If the general condition is bad before the operation 
and cachexia is present, the patient suffers much. 
after the operation and pain is increased. As noted 
above, it is inadvisable to perform diathermy on such. 


cases. | 
Complications.—The complications that may occur 
during or after cauterisation by diathermy are ob- 
struction of the glottis; or of the cesophagus when 
already narrowed by growth. The obstruction is 
caused by the cedema arising in the vicinity of the 
cauterised tissue. It is advisable to perform a pre- 
liminary tracheotomy before operating on growths in 
the region of the larynx, because the obstruction may 
occur later, after completion of the operation, when 
the surgeon is away. It is also advisable to keep the 
narrowed lumen of the cesophagus patent by a tube 
while applying diathermy, unless the special electrode 
shown in Fig. 27 is used; in this case the tube 
should be passed directly after. : i 
Sudden severe hemorrhage during diathermy 


WwW 
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might possibly occur if the blade end-pieces (Fig. 24) 
ere moved too quickly across an artery of some 
size, such as the lingual. It can be treated on general 
surgical principles during the operation. Severe 


4 hemorrhage may, however, occur later, when the 
slough is separating. In some cases it may occur 


if the cauterisation has been extended to the region 
of arteries, especially the lingual. I have known it 


j to occur from the temporal. In other cases there is 


no artery of size in the neighbourhood of the 
cauterisation. Hzemorrhage is more likely to occur 


Gf the general condition of the patient is bad and 


cachexia present. The bleeding may then take place 
before the slough separates. 
When the growth is extensive and situated in the 


‘tongue or pharyngeal region, it is advisable to ligature 


the lingual or external carotid artery. 
_ Sepsis.—The heat generated by the diathermy is 
sufficient to sterilise the destroyed tissues. Sub- 
sequent infection before the slough has separated is 
extremely uncommon. Suppuration in the glands 


1 receiving lymph from the region of the cauterised ~ 


tissues has occurred in only one of the cases treated 
at St. Bartholomew’s (No. 22, p. 168). 

| Septic broncho-pneumonia is an occasional compli- 
cation after diathermic cauterisation of growths of 


the mouth, pharynx, and larynx. 
Sudden death lias never occurred, so far as I am 


| aware, during cauterisation by diathermy. During 


convalescence, I have known it occur in one case 
without apparent cause, and as autopsy was not 
permitted, the reason was not ascertained. This was a 
private case of carcinoma of the tongue. The anterior 
portion of the organ was excised by the blade end- 
piece. The operation was lengthy and over an hour 


was occupied in its performance. 


f 
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In another case death occurred about four 


faucial pillars, floor of ‘mouth, and soft palate. No q 


enlarged glands were felt, there were no signs 
secondary growth, and the general condition of the 


patient was good. No shock followed the operatio | q 
The patient had not fully regained consciousness ate ‘9 4 
the anzesthesia. No autopsy was allowed in this call qa | 

Prolongation of life after cauterisation of maliona in 


growths by diathermy.—If it is possible to extend 
the cauterisation beyond the growth into healthy tissue 


for % to % in. beyond the margins of the former. 


recrudescence may be prevented, and if secondary 
growths have not occurred cures may possibly be 


obtained. The great majority of cases of ‘malignant 4 


growth treated by diathermy at St. Bartholomew’s 
have been surgically inoperable, and recrudescence 


has been observed in almost all the cases which could — 4 
be kept under observation. With few exceptions . 


death has ultimately occurred, but life has been pro- 
longed in a large number of cases, and in a stil] 
larger number the disagreeable symptoms have been 
abolished until near the end. All cases should be 
examined periodically, and the cauterisation repeated 
as soon as recrudescence is observed. 

| A case of malignant growth of the tonsil which 
invaded. the tongue and upper and lower jaws (No. 
2, p. 150) lived for 23 years after the operation. Re 


crudescence occurred from time to time, and the 4 
’ i 


cauterisation was repeated on five occasions. 
UA case of carcinoma of the tongue (No. 11, p. 153) 
lived for twenty-three months. The tongue re- 


mained free from any visible or palpable signs of — 4 


growth, death occurring from secondary growth. 
A case of rodent ulcer of the scalp becoming 


__In another 3 hours 
after completion of the operation. The patient,a a 7 4 
aged 66, had a carcinoma invading part. of his tonal 7 

“9 


of @ 
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_cancinomatous (No. 19, Pp. 164) was ‘treated by 
diathermy in March, 1914, and the patient is still 
alive and shows no recrudescence. | 


In the Lancet of Dec. 6th, 1919, Norman Patterson 
described a case of malignant growth in the mouth 
which, 4% years after operation by diathermy, was 
alive and well. | . . 
In the next’ section will be found particulars of 
cases, and, where known, the duration of life. Almost 
all the cases treated at St. Bartholomew’s were sur- 
gically inoperable and most of them far advanced, but 
with improvement in technique and the treatment of 


q cases less advanced the duration of life will be con- 


siderably longer, and it is not too much to hope that 
cures will be obtained in early cases. 
Section V. 


Particulars of some cases of malignant growth 
treated by diathermy. | 


In the greater number of cases, at St. Bartholomew's, 


treated by diathermy for malignant growth, the region 


involved was the mouth and throat. Cases of malig- 


nant growth of the skin, breast, bladder, rectum, cervic 


uteri, urethra and vulva have also been treated. In 
many of these the growth was so extensive that all 
which was visible or palpable could not be cauterised 
without danger. In some of the cases deposits were 
present in the glands or in distant parts. 


aN 


‘Diathermy for growths of mouth and throat. 

Case 1 was typical of many who have been ‘treated 
by: diathermy for advanced growth, surgically in- 
operable, with glands involved, and suffering consider- 
ably from pain, salivation and discharge. This case 
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was kept under observation for nine months ; during 
this period there was no discomfort in the r 


egion 


originally affected. .The pain during the second half 4 
of the period was due probably to enlargement of | 


glands and pressure on nerve trunks. 


cauterised tissue gradually sloughed away. Discharge 


then lessened and ceased, and no bleeding occurred. _ 
The tongue regained some mobility. Ulceration did 
not reappear, and there was no further complaint of _ 


discharge or of pain in the mouth. At the end of 


March, 1920, it was noted that the tongue was a 


becoming harder and less mobile. Enlarged glands 


_were felt in the neck. In April pain was felt inthe q 


neck, shoulder and arm, The patient was last seen 
on September 22nd. There was no ulceration of the 


tongue or floor of the mouth. The glands were _ 


greatly enlarged. The only complaint was pain in 
the neck and upper limb. 


The following are brief particulars of the first seven- . . 
teen cases of malignant growth treated by diathermy | Be 


at St. Bartholomew’s. They were under the care of 
_ Mr. Harmer, who has kindly allowed me to report 
them :— | | 
Case 2.—J. C., et. 60. This patient hadacarcinoma 
involving the tonsil, tongue and mucous membrane of 
upper and lower jaws. Diathermy was applied first 
in November, 1911. No recurrence was noted till. 
July, 1912, when the diathermy was repeated. It was 
applied again in June, 1913, July, 1913, October and 


“ 


4 

CasE 1.—J. H., aged 67 (Mr. Girling Ball’s case.) 7. 
Carcinoma of side of tongue, invading floor of mouth q 
and lower jaw. The tongue was fixed and deeply 
infiltrated. The lingual artery was tied by Mr. Ball. 
on December 18th, 1918, and I cauterised the growth | a 
in the mouth by diathermy on the following day. No _ @ 
shock or reaction followed the operation, and the 
at 
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December, 1913. No enlarged glands were felt till 
March, 1914. ‘The patient's life was prolonged for two 
years and eight months after the first diathermy, and 
his general condition was excellent up to the last 


three months of his life. 


Case 3.—C. D., et. 55. ‘This'patient suffered from 
a carcinoma which, before the diathermy, involved the 
ronsil, tongue, and jaws. A growth had been excised | 
three years previously, but had recurred, and was 
treated by radium. Diathermy was performed in 
May, 1912, and repeated in September, 1912. The 
ulceration was temporarily improved and the pain 
greatly relieved. The patient lived for fifteen months 


after the first diathermy. 


~ Case 4.—G. G., et. 50. Malignant growth of palate, 
tonsil, and pharynx. Diathermy was first performed 
in August, 1913. The growth was very extensive, and 


4 a coagulation had to be produced deeply. Diathermy 


was repeated in Sept. 1913 (twice) and in Oct., 
1913. Marked cedema of the neck, lasting forty- 
eight hours, followed one of the applications. Local 


improvement was produced, but pain was not relieved, 


as the nerves in the neck were involved. The dura- 


r, tion of life was ten months. after the first diathermy. 


@ase s.—S. C., et. 51: Growth involved tonsil, 
tongue, lower jaw, and floor of mouth. A surgical 
operation had been. previously performed in 1912, 
including the removal of the glands of the neck. 
Diathermy (in August, 1913) was followed by a short 
period, lasting three weeks, of relief from pain. The 
duration of life after the diathermy was eight months. 
Radium had been tried, but had no effect on the 
ulceration and did not relieve the paleo: he 
Case 6.—E. G., zt. 48.- Growth involved palate and 
pharynx. There was great enlargement of the glands 
in the neck. Diathermy was performed in October, 
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1913, and repeated the following month, — Injections a 
of choline were also given. The condition of the — 
mouth was greatly improved. Death occurred five 


months later, the glands having rapidly enlarged. 
Case 7.—H. T., et.65. The growth extended from 


the angle of the mouth on the right side along the | 


mucous surface of the cheek as far back as the last 


molar. Diathermy was performed in N ovember, 1913. a ) 
Much cedema of the face and eyelids of the right Side 


followed the diathermy and lasted for thr 
Marked improvement of the local condition afterwards 
followed. Death occurred five months later. : 
Casr 8.—G. C., zt. 65. The growth involved the 
anterior pillar of the fauces, the floor of the mouth, the’ 
tonsil, and lateral aspect of the tongue. Diathermy 
performed in November, 1913, and repeated in April, 
1914. The ulceration was completely healed. In July, 
1914, there was no visible ulceration. Subsequent 
history could not be obtained. a 


Case 9.—R. H., xt. 65. Carcinoma spreading over _ j 


tonsil, palate, and pharynx. Diathermy performed in 
February, 1914, and repeated on July 16th. There 
were no signs of growth at the end of July, and the 
general condition was excellent. Subsequent history 
not obtained. 3 | | 

Case 10,.—G. C,, et. 65. In this case the growth 
was very massive, involving the tonsils, palate, and 
pharynx, almost filling the back of the mouth, so that 
swallowing was difficult. On the occasion of the first 
diathermy (in May, 1914), a piece of growth as large 
as a tangerine orange had to be removed with a’ 
snare to enable the patient to take the anzesthetic. 
The diathermy was then applied. It was repeated 
in June, 1914. Enlarged glands were removed 


from the neck in July, 1914. There was then no 


palpable or visible trace of growth. This patient 


ee days, 
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ive ¢ ell in March, 1915, though there 
. oe eo . of local. recurrence. “This was 
| lathermy. , 
es the on ah one was slightly sae 
after the first. diathermy, but the growth See? 
ecurred, and the last diathermy (three applica 7 
. fade) did not .affect the course of the disease. 
This was the third case to which diathermy had been 
applied, and it is possible. that the application was not 
Eciently extensive. Another of the remaining 
sight suffered from carcinoma of the palate, and ue 
greatly improved, but the subsequent ee sad 
not be traced. Two others were temporarly 


proved : one dying four months later, while the other 


was not traced. Another received diathermy for 2 
malignant growth of the maxilla that had ee 
after surgical operation. It reappeared rapidly aite 


yer 7 hada malignant growth 
the diathermy. Another case | 
: I he tonsil, tongue, and jaws. It extended deeply 


ll coagulated by the 
i the neck, and could not bea : 
Be scrmy. This patient lived for eight months after 
diathermy. wat 
i. the following case the site of the primary see ie 
was free from recrudescence at the time of the patien | 
death, one year and eleven months later = wie eine, 
ae 1r.—(Sir D’Arcy Power's.) A. - per 5 : 
An ulcer, measuring 1 in. by = In, panned see 
ide of the tongue. There was surrounding infiltratio 
No glands were felt. |. applied diathermic poten 
, | The following day 
n March 24th, 1914. The 
Dac swelled and the temperature rose to 100° F. 


' The day after it fell to normal, and there seg ad 
a subsequent rise. The swelling subsided on the sa 


day. Pain was felt in the tongue while the it 
es separating. On the tenth day the ato he 
hospital, and could then swallow without difficulty. 
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The sex q 
slough had separated, leaving clean granulation a 
: L Sa ‘ 


The patient said tha ) 

t healing was | 
five weeks had elapsed, and that sind 
disappear till then. _ 

e patient was seen again on Janu 
nuar 

ae ae then no visible or palpable ithe 7 
g wth. On July 22nd, 191s, an enlarged gland wl 
nab the neck. In September, rors liad 
O the left side of the neck was seen with l 
which discharged pus. X | a 
intervals. 


f 2 g 


lot complete til] 
pain did not com. 


‘ : ag 
f growth or ulcer of the tongue, and the former site q 


of 
the carcinoma was approximately indicated by a 


shall a 
allow concavity on the border of the tongue, and a 


rs ace was smooth and unwrinkle 
ee one ermy has been applied to six cases of carcinoma 
e upper end of the oesophagus, or, more correct] 
. post-cricoid region of the pharynx a 
: ms the obstruction to swallowing was relieved fo 
a few months and the condition of the patient a 
improved. | | ) a 
CasE 12.—(Mr. Harmer’s.) A; O., et., AQ Casaeee 


ost-cricoi . : a 
post-cricoid carcinoma, with a history of difficulty in 4 


i Sle lasting over a period of five month 
iat see was performed by Mr. Harmer on July 3 iat 
non ga sane of non-conducting material 
: rough the cesophageal strictt 
, ; i ure, and 
ena i needle end-piece attached to the ‘active 
€ was mserted into the growth in dj t 
ee th in diff 
Situations. Laryngotom E ie 
y was performed during th 
same operation to guard against | Sia 
I aryngeal obstructi 
a possible result of the cedema and swelling pie 


developed in the region of the diathermy. A Hill’s | a 


tube was inserted in the cesophagus through the 


Ws i. 
i 


a 


a swelling 
vs 7 -ray treatment was given at Ae 
e swelling slowly increased, and finally a 


In two of 4 


obstruction, so as to main 
until the swelling subsided. | 

The highest temperature reached after the operation 
was 100°6° (on the second day after) ; it gradually 
fell, reaching the normal level on the sixth day after. 
The Hill’s tube was removed on the third day after 
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tain a passage for food 


the operation. 
On November 2nd, 1914, the patient was re-admitted. 


Gince her discharge she had had no difficulty in swal- 
lowing solids, and there was little or no discomfort. 
On examination, a large swelling was seen behind the 
cricoid. No enlarged glands were discovered. 
On November 4th, diathermy was performed. After 
a preliminary tracheotomy, the more superficial parts 
of the growth were first subjected to the diathermy. 
An cesophageal bougie was then passed—with great 
difficulty, on account of the swelling produced by the 
heat—and the diathermy was again applied, using the 
single needle end-piece, to the parts of the growth 
around the bougie. The latter was then replaced by a 
Hill’s tube. | BON AS Sean 
On November 6th there was but little swelling of 
the neck, and the tube was removed. Onexamination 
with the laryngoscope, a large grey slough was seen 
mn the site of the growth. There was but slight 
surrounding cedema. The patient could swallow 
without difficulty. The highest temperature reached 
was 100°4° (on November 8th). It gradually fell to 
normal, reaching 98° on November 1 sth. | 
The patient was discharged on December sth,. with 
a permanent tracheotomy tube, as there was swelling 
of the larynx and perichondritis of the cartilages. 
This patient wrote (January 8th, 1915) to say that 
she felt well and swallowed easily, although there was 
occasionally some difficulty when attempts were made 
to swallow larger lumps of food. | : 
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Case 13.—(Mr. Harmer’s.) J. N. 
cricoid carcinoma. Three weeks history of difficulty 
in swallowing. On examination, the larynx was found 
tobenormal. Anodular growth was just visible behing 
the arytenoids. There were no enlarged glands in 


the neck. Diathermy was performed on October Sth, 


1914, the patient being in the position for suspension 


laryngoscopy. Anzesthesia was produced by the intra_ 4 


tracheal administration of ether. The. growth Was. 


observed to be almost annular, occupying nearly the _ 


complete circumference of the lumen. It was coagu- 
lated, using the five-pronged fork end-piece attached 
to. the active electrode. _A Hill's tube was then 
inserted. Marked cedema of the pharynx and aryten- 


oids developed during the operation, and tracheotomy 
was performed. he | 7 a 


On October 12th the cesophageal tube was removed, | } 


and by October 22nd solids could be swallowed easily, 
The temperature rose to 101° on the day after the op- 
eration and then gradually fell, reaching normal on the 
eighth day. After discharge from hospital the patient 
was able to swallow solids without any difficulty, 

On November 2gth, 1914, no growth was visible with: 
the laryngoscope. With the cesophagoscope .the 
upper margin of the oesophagus was seen, behind the 
cricoid. The mucous membrane was healthy for at 
least three-quarters of the way round. A little ulcer. 
ation was still visible. Ee a a. 

On November 2sth the ulcerated part. was treated 
by diathermy, using the special end-piece shown in 
BIg 27. é 

On November 26th the patient breathed and swal- 
lowed solids without difficulty. The temperature was 
99°8°. | 


On November 27th the patient developed tonsillitis, 4 


with a temperature of 102°, 
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On November 29th she was quite well, and the tem- 
ratu Ss mormal. | . 
a. 1915, she was quite well and could 
swallow without difficulty, and had gained 4 lbs. in 
eight. rn d | cae 
a third case was slightly benefited. Soft Sones 
ould be swallowed without difficulty when the ae 
left hospital sixteen days after the operaa ie : 
duration of the improvement was not discovere . a 
In the fourth case hamorrhage occurs Sa Os - 
third day. On the fifth day a second ies My 
hemorrhage occurred, and the patient died shortly 
rwards. , | " 
Be ine fifth case it was doubtful whether there ae 
any greater ease in swallowing when the patient le 
5 igh jathermy. : 
tal a fortnight after the diat | 
he sixth case died suddenly on the eighth sik 
The symptoms and signs of broncho-pneumonia we e 
present. 
ee i. 


RW eincrmy for inoperable carcinoma of the breast, 


f arci- 

I have cauterised by diathermy four cases of , “ a 
noma of the breast. The growths were extensiv ‘aes 
too advanced for excision. In another case a massive 


he chest wall. These 
th had reappeared on t out | 
Bs were sent to me by Sir D’Arcy:Power, who has 


kindly allowed me to report them. Particulars of two 
cases are given below :— ! 


Case 14.—(Sir D’Arcy Power's Case.) F. P., get. 50. 


The breast had been amputated, but the acai 
cu i d when the patient cam 

recurred in the scar, an me 

treatment there was a very ee a ee 
| t,” on the front o est 

“of the size of a cocoanu ie 

in the region of the original scar. In. caineigs 

1913, diathermic cauterisation was performed. 
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mass of new ti 
v tissue was first swept away by a smal] __ 
, 


blunt spatula, leaving a raw surface measuring 6 in, 


3in. The edges and base of thi 
this area wer i 
coagulated by diathermy. The coagulated “wae | 
e a 


sloughed off and skin slowly grew over the denuded 
area. Eleven weeks later the only uncovered portio 
was a small part about 14 in. in diameter. This am 


Snes by a small portion of growth that had ‘ 
eappeared. Diathermy was again applied to the 4 


recurrent part. : : 


The patient wrote on F ebruary 1ith, rors (that is | 
i NS 


pia months after the first application of diatherm ) 
igs that the part was completely covered by smog 
In, except for one minute area the size of a pin’s 


head, from which a discharge occasionally appeared, 


pone was no pain or swelling. | 
oy Ae is a 37. The whole breast was 
vehoapondens , and there was a large fungating 
3 OF upper and outer segment. The first 
application of diathermy was made on May 7th, 191 
san eh 15 mm. in diameter, was need a 
nie gulation was produced as deeply as possible 
e destroyed tissue was cut away. Coagulation d 
excision were continued, layer by layer, until a 
larger part of the malignant mass fre remo 4. 
Care was taken, when excising the coagulated la aa 
to cut away relatively thin strata, so as to ise Ke 
oe which would have occurred if the knife had 
"a drawn across the deeper parts where the coagu- 
1on was incomplete. As each layer was removed 
pale coagulated tissue was revealed, and bl i 
escaped from points here and there whee a 
with cauterised walls had been severed. The less 
sh was stopped by inserting a needle end-piece into 
the opening of each vessel in order to block the lumet 
and then passing the current so as to coagulate ihe | 
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arrested blood. About two-thirds of the malignant 
growth was removed at the first operation, and a 
hour was occupied in the process. The greater part 
of this time was spent in stopping the bleeding from 
the various vessels. Noshock followed the operation, 
and next day the patient was quite comfortable. 

- Diathermy was repeated on May 27th and on June 
isth, so as to destroy all the remaining tissue which 
appeared malignant. Granulations appeared and the 
skin commenced to grow over. On July 26th the 
uncovered area measured 1% in. by 1 in. A small 
growth was seen at the edge. This was cauterised by 
diathermy. The patient shortly afterwards acquired 
pneumonia, which proved fatal. 

This case shows that diathermy can destroy large 
masses of new growth, and that healing can follow 
the separation of the destroyed tissue. It is quite 
possible that complete healing would have followed in 
this case if pneumonia had not occurred. | 

Crse 162-F. A, et: 47 (Sir D’Arey Power's case). 
The whole of the breast was swollen and hard. The 
skin was adherent, and dusky blue in colour. On 
July 29th, 1915, the breast was cauterised in its 
entirety, and the coagulated tissue was removed in 
the same way as in Case 15. No shock or reaction 
followed the operation, and the patient was sur- 
prisingly free from pain or discomfort afterwards. 
After separation of the sloughs, healing commenced 
at the edges. On September 16th, 1915, Sir D’Arcy 

Power excised an enlarged gland from. the supra- 


—clavicular fossa. This contained a deposit of carci- 


noma. On September 24th, 1915, the patient left the 
hospital. Healing had extended inwards for half an 
inch from the edges. “ 

The subsequent history could not be obtained. 
The case is described in order to show that a patient 
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may be free from discomfort after removal of lar; 
masses of growth by diathermy, and that the proc 
of coe can commence afterwards. | a 
Case 17.—S. G,, et. 54 (Sir D’Arcy Power’ 
In this patient the i ss breast oe silage ta 
and fixed ; ulceration of the skin had taken ples ae 
the axillary glands were greatly enlarged. Diatherm 


was applied on January 20th, 1916. Although the | 
whole of the breast was cauterised and removed a 
malignant tissue remained. The patient suffered con. | 


siderably from pain and secondary hemorrhages 
occurred. The patient died on April 1oth, 1916. At 
the autopsy visceral and gland metastases were found 


cc 


Diathermy and malignant growths of the female 
: ‘ genitalia. | 


I have treated twelve cases of malignant growth of 
the female genitalia by diathermy. All wer too 
advanced for surgical excision. In ten cases the 
growth arose from the cervix uteri; in one from the 
vagina, and in another from the right labium majus 
and part of the left. In all of the cases of cardinals 
of the cervix, the growth had spread into the pelvic 
cellular tissue, so that parts of it could not be reached 
from the vagina by the electrode; and in the regions 
where it had spread into the wall of the rectum or 
bladder, cauterisation could not be applied for fear of 
injury to the latter organs. The most that could be 
expected was destruction of the primary focus and its 
subsequent replacement by granulation tissue and 
epithelium, so as to abolish hemorrhage and dis- 

charge. ; | 


The cauterisation was conducted in the following a 


way. The patient received a general anesthetic 


\ xl 

i 

gS 4 

a, 

x 

f 
\ 
1 
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(except in two cases, in which no anesthetic was 
given), the cervix was brought into view by a 
Ferguson’s or duck-bill speculum, dried as far as 
possible by sponging, and then painted with tincture 
of iodine. The indifferent electrode was placed on the 
abdomen. The active electrode terminated in a five- 
pronged fork end-piece. It was embedded in the 
growth, and the current was applied till coagulation 
took place. It was then inserted in other parts till 
the whole of the accessible portion was coagulated 7 
situ. Where the growth was fungating it was found 


that the extraction of the embedded end-piece of 


the active electrode brought away portions of the 
growth. Where the coagulation could not be extended 
through the growth down to normal tissue, bleeding 
occurred, because the detachment of the coagulated 
portion left a raw surface of uncoagulated new growth. 
Quick bleeding obscured the operation and slowed 
the coagulation. As previously stated, this is the 
difficulty experienced in diathermic coagulation of 
exuberant vascular growths. It was overcome in 
Case 13.by first sweeping off the growth level with the 
skin. This procedure, however, opens the vessels 
carrying blood to the growth, and so takes away one 
of the advantages that diathermy offers in the treat- 
ment of new growths. In the case of the cervix an 
attempt is being made to overcome the difficulty by 
attaching to the active electrode an end-piece of larger 
area, so as to coagulate wider and deeper with each 
application, and shaped with a shallow concave surface, 
and without prongs. : | i 3 

The best result of diathermic cauterisation of in-. 
operable growth of cervix and vagina was obtained in 
Case 18. : ss | 

Case 18.—(Dr. Williamson’s.) S.5., et. 55. In the 
situation of the cervix there was an ulcerated excavated 
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mass, with hard and everted edges. The vaginal wal} 
was involved posteriorly, and the posterior left fornix 
was obliterated completely, Definite induration 
extended to the pelvic wall and to the utero-sacra] 
folds as far as the bowel. Diathermy was applied in 
August, 1913, to the parts of the growth that were 
accessible from the vagina. The patient left hospital 
nine days later. 
separated, but the whole of the vaginal mass previously 


felt had entirely gone and the vaginal wall was covered | a. : 


with smooth tissue. 

This patient came at intervals to the out-patient 
department, and no hemorrhage or discharge was 
seen, and no ulceration. The induration previously 


felt in the pelvic ligaments remained. She was last 
seen in June, 1914 (10 months after the cane 


and could not be afterwards traced. 

Diathermy would probably be of value for the pre- 
liminary treatment of operable carcinoma of the cervix, 
before the Wertheim operation, in place of an initial 
application of zinc chloride or formalin. Diathermy 
was applied to a case of carcinoma of the cervix on 
June 23rd, 1913. On July 1st a Wertheim operation was 
commenced, but could not be completed on account of 
the extensive spread of the growth within the pelvis. 
Uhe part of the cervix to which the diathermy had 
been applied was found to be firm, like scar tissue, 
and no haemorrhage was caused by its manipulation 
or incision, and there was no discharge. This patient 
lived till beornauy, IQ14. 

Nagelschmidt describes (‘ Lehrbuch, " p. 277) the 
excision of a uterus after diathermic cauterisation of 
a carcinoma of the cervix. After laparotomy had been 
performed and the intra-abdominal part of the opera- 


tion had been completed, a mass of bleeding new. — 
growth attached to the cervix was completely coagu- 


The slough had not then entirely 
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| lated Ey diathermy applied per vaginam. The body at 


the uterus was grasped by the hand of an assistant so 

as to give warning of excessive heating of the part 
held and other parts in the abdominal cavity. ‘This 
excessive heating, however, did not occur. After 
complete coagulation of the cervix the vagina was 
rinsed out and dried, and the uterus, with the remains 
of the cervix were removed, as a Sterile body, through 
the abdominal wound. 


D 
Diathermy for rodent ulcer. 


The greater number of cases of rodent ulcer which 
I have cauterised by diathermy have been those for 
which previous treatment by one or more of the 


following agents, X rays, radium, zinc ions, solid 


CO., have been unsuccessful. Some of ‘the results 
have been so good that the newer method should be 
tested in more cases. The ulcers have healed and 


‘smooth, soft, unwrinkled scar tissue has appeared. 


When bone and cartilage have been invaded, X rays 
and radium are unable, in the experience of most 
workers, to destroy the malignant tissue. Bone and 
cartilage can be destroyed by diathermy just as easily 
as the soft tissues, and granulation tissue will grow 
over them if they are kept aseptic. These events 
occurred in Case 21 (g.v.). Regarding the perman- 
ence of the results, the test of time is required, and 
many more cases must be treated before a conclusive 
statement can be made. In the case described below 
(No. 19), the malignant ulcer was cauterised by 
diathermy 6% years ago, and there has been no 
recurrence. In other cases rodent tissue has re- 
appeared after healing of the ulcer; this reappearance 


was due, almost certainly, to incomplete cauterisation 
M 


| i 
Wa | \ 
a : 
Hi ney , | i 
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| at the first operation. Repetition of the diathermy 


se 


destroyed the recrudescent nodules. In another case, 
described below (No. 20), the ulcer healed, and 2 V, 
years have elapsed since the first cauterisation. The 
operation was repeated once only, for recrudescence, 
In Case 21 bone was invaded and the ulcer was 
becoming carcinomatous. | ‘ 
Case 19.—S.S., et 55. The patient had an ulcer 
measuring 1% in. by 1% in. on the right frontal region 
of the scalp. Its edges were raised and everted. Its 
histological structure was that of rodent ulcer becoming 
I carcinomatous. Treatment by zinc ions and X rays had 
| | ‘proved ineffective. The chief symptom was incessant 
nie | and severe pain, I cauterised the ulcer by diathermy 
} | on April 14th, 1914. The pain was greatly relieved. 
| 
| 


Ss re 


———SS—————— 


Senn 


terisation by 

, —Case of rodent ulcer five years after cau 

3 Tee ‘No evidence of malignant tissue. A sequestrum is | 
present. There was no recrudescence six and a quarter years | i 


after diathermy. | | eee 


The destroyed tissue sloughed away, leaving an area 
of bare bone measuring 1} in. by ifin. In July, TOI, 
i the area of bare bone had increased to 2 in. by 1% in. 
_ The soft tissues at the edges were tender but not hard 
| 1 | or infiltrated. Some pus was seen at the edges. The 
_ patient complained of “‘attacks of pain like neuralgia.” 
: _ She refused further treatment. In October, 1916, 
the condition was unchanged. In May, 1919, a plate- 
like piece of bone had apparently separated. It was 
easily removed manually, and a bony area measuring 
as 7 1% in. by 1 in. was uncovered. Dry scabs were 
Ill present at the edges. The soft tissues were dry and 
| not infiltrated. ‘ 
| | The accompanying figure (Fig. , shows ae 
condition present on May 30th, 1919. The patient 
wrote on August 3rd, 1920, to say that she felt quite 
| | comfortable and had had very little pain during the 
i | past year.® a 
| CasE 20.—E. B., eet. 64. This patient had a rodent & ae qT 


eens ooeeeeeeeeeeeenonen 
= ae 


| *I saw this patient last in September, 1920. The bare area of bone 
WH was, then, nearly cavered by skin. 


iH : | | _ _ FIG. 35.—Rodent ulcer before diathermy. a 
Hah ie a Rie 4 i k Facing page 164. 
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icer of her left eniporal region. An ulcer of this 
region had been noticed sixteen years previously. It 
had been treated by zinc ionisation by the late 
Dr. Lewis Jones and healed. In 1917 ulceration of 
the same region recommenced. X-ray treatment was 
applied, and the ulcer healed partially. It then en- 
larged in spite of further treatment ey X rays, and 
later, ultra-violet rays. 

On May oth, 1918, the appearance of the eer was 


that shown in the photograph (Fig. 35). On that 


day I cauterised the edges and base, under general 


anesthesia, using a disc end-piece 6 mm. in diameter.. 


On May 17th, 1918, there was severe baie aes 
on two occasions, 6 a.m. and 10 a.m. 

On May 2ist, 1918, the base of the ulcer was 
occupied by pranniations ! ! 

On July 8th, 1918, healing was almost complete. 
A small nodule was noticed at the upper edge of the 
scar. This was cauterised under local anesthesia, 
using a single needle end-piece. 

There was no reappearance of ne or ulcers for 
fourteen months. 


On September 16th, 1919, a small superficial ulcer. 


was seen. It was cauterised by clathertny under 
local anzesthesia. 

The present appearance (August, 1920) 1S ahem 
in Fig. 36. The scar is smooth, unwrinkled and 
non-adherent, and there are no nodules or ulcers. 

- Complete healing of similar cases has been effected 
by diathermy. The cases above described has been 
kept under observation for the longest period. The 


others ceased attendance after healing had taken 


place and alarm dispelled, and after their interest in 


their maladies had ceased. 


In the case described below (No. 21), the mode ti 
ulcer had invaded bone and cartilage. A gland excised 
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at a later date from the neck. showed the presqiee 
of carcinoma. 
Case 21.—W. D., zt. 39. This patient origina 


suffered from a rodent ulcer of the right cheek. It 


was treated by X rays and healed temporarily. After- 


wards it reappeared and gradually increased in size 


in spite of further treatment with X rays, and later, 
with radium. On July 2nd, 1914, the ulcer had ex- 


tended forwards on to the cheek, one inch in front of 


the external auditory meatus and backwards on. to 
the pinna. Part of the latter had been destroyed. 

On the day mentioned I cauterised the base and 
edges of the ulcer, including the eroded edge of the 
pinna and its cartilage, and the bone at the base of 
the ulcer. The patient was kept in hospital until 
healing was complete. Three months were occupied 
in the separation of the destroyed tissue and the 


subsequent healing. The latter process was certainly | 


rendered possible and aided by the daily arees lye 
and prevention of sepsis. 

Four months.after the operation the appearance 
was that depicted in Fig. 37. There was no ulceration 
or swelling, and the new anterior edge of the pinna 
had healed. ; 

This patient was last seen nine months after the 
diathermy. There was then no sign of recrudescence. 
The subsequent fate was not ascertained. 

I have cauterised by diathermy some cases of ex- 
tensive rodent ulcer, in which there has been wide- 
spread destruction of skin and underlying tissues and 
caries of bone. It is absolutely necessary, if any 
benefit is desired from treatment by diathermy, that 
such cases should be.seen not less frequently than 
twice every month, and the treatment repeated directly 
recrudescence is seen or suspected. It is difficult to 
destroy all the malignant tissue at one operation, 
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especially in regions where the nearness of important 
structures compels cautious limitation of the dia- 
thermy. | 

After the first application! of the cautery, 4nd the 
destruction of the edges and base, the ulcer is at first 
enlarged, but the raised, round, undermined edges 
disappear, and the borders of the ulcer assume a 
healthy appearance and grow inwards. The size of 
the ulcer may be considerably diminished, but re- 
crudescence is very likely to occur and ulceration to 
recommence. Diathermy should then be reapplied 
without delay. | 

One of the cases which I treated by diathermy had 
lost the front of the right cheek and the right half of 
the nose. The underlying bone had been extensively 
destroyed by the rodent ulceration, anda large cavity, 
bounded on the inner side by the nasal septum, con- 
nected the naso-pharynx with the exterior. A gland, 
removed from the submaxillary region, showed the 
presence of carcinoma. The ulcer had been previously 
treated by caustics, and later by X rays, and had been 
rendered quiescent, except at the outer edge, where 
a small mass of growth had appeared. This was 
cauterised by diathermy in June, 1917, under local 
aneesthesia, and healing followed. | 

The patient came under my care again a year later. 
Active ulceration was taking place at the edges. 
Diathermy was applied under general anzesthesia. 
After the sloughs had separated, apparent healing 
took place, and epithelium grew over the edges. The 
upper lip was reduced in size, in the region of the 
angle of the mouth, toa small rounded cord, + in. thick, 
and a narrow area of healthy tissue separated the 
inner canthus of the left eye from the adjoining edge 
of the ulcer. Shortly after this operation excision of 
the right eye had to be performed. It was of extreme 
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importance for ci patient that the ulcer should not 
extend towards the left eye; also that the narrow 
bridge of tissue which connected the upper lip to the 
right cheek should be kept intact. 

In January, 1919, diathermy had to be applied 


again to part of the outer edge, and in April, 1919, to 
the nasal edge. In July, 1919, recrudescence was 


observed at the outer edge and diathermy was applied. 
Apparent healing took place after each cauterisation. 
Up to the time of the last operation the patient had 
been able to travel and attend to his work. Pain was 
frequently felt, but applications of ultra-violet rays 


were very effective in procuring relief. The patient 
did not regain strength or activity after the last 


operation, and he died in September, tg19. 
It seems, in this case, that diathermy delayed the 
progress of the malignant ulceration. During the 


patient’s lifetime, the ulcer approached no nearer to 


the opposite eye, whilst the small shred of tissue, 
which was all that was left of the upper lip in the 
region of the angle of the mouth, remained intact to 


the end of the patient’s life. 


Dr. Gray, dermatologist to University College 
Hospital, has kindly allowed me to refer to this case, 
which had formerly been under his care. 
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Cases illustrating complications whieh may follow | 


| diathermic cauterisaticn. 
Sepsis.—Only two cases of sepsis after diathermy 


have occurred at St. Bartholomew’s. In one of these 


(Case 22) septic lymphadenitis and general septicaemia 
occurred. In the other (Case 23) septic thrombosis of 
the jugular vein occurred. 

Case 22.—S. B., zt. 66. This patient had an ex- 


tensive malignant ‘aroun on the mucous membrane 
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of his hee The submaxillary glands were enlarged 
and adherent tothe lowerjaw. I cauterised the growth 
for Mr. Girling Ball, in March, 1914. The temperature 
rose to 998° the day after the operation, and did not 
rise above 99° till the ninth day, when it reached 


103'2°. A painful swelling developed in the neck. It 
was incised and pus was evacuated, On the eleventh 
day the patient died. At the autopsy broncho-pneu- 
monia was found in thelungs. The blood, on cultiva- 
tion, grew several colonies of streptococci. 

Thrombosis and scpsis,—CasE. 24. —(Mr. Harmer’s). 
G. T. xt., 73. This patient had a carcinoma of his 
tongue extending on to the lower jaw. The growth 
was cauterised by diathermy on April 17th, 1918. 
The affected part of the tongue was excised by means 
of the blade end-piece _ On April 25th a painful 
swelling developed on the side of the neck. It was 
incised, and an offensive blood-stained fluid escaped. 
The patient died on April 29th. At the autopsy 
septic thrombosis of the veins of the neck was found ; 
also suppurative mediastinitis. | 

Hemorrhage.—Severe hemorrhage from patients 
while under observation in the wards has been noted 
in six cases at St. Bartholomew's Hospital. In four 
of these the bleeding occurred from the lingual artery ; 
in one of the four the artery had been severed 
during the operation by the blade end-piece, but 


the coagulation caused by the diathermy had sealed 


the vessel for seven days. (For particulars, see 
Case 25.). The ascending pharyngeal artery was 
the possible source of the hemorrhage in one case. 
The temporal artery was the source in another case ; 
the bleeding occurred after the patient left hospital 
(see Case 20). _ 

In the cases above-mentioned the bleeding was 
due, for certainty in one case and most probably in 
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the others, to cauterisation of the arterial wall. 
occurred on the eighth day in the case in which the 
arteries were divided by the cautery. In two other 
cases of lingual haemorrhage it occurred on the tenth 


day. In the case in which there was heemorrhage 


from the temporal artery two attacks occurred on the 


ninth day. The usual time, therefore, appears to be. 


early in the second week. Severe heemorrhag 
occurred in one case, at St. Bartholomew’s, on the 
third day, and again on the sth; the patient died 
shortly after the second attack. 

CasE 25.—W. B., et. 54. Carcinoma of the front 


of the tongue. The anterior. half of the tongue was 
excised by diathermy on January 20th, tors. Thee 


blade end-piece was used. _ No rise of. temperature 
followed the operation, and ‘there was no pain after- 
wards. 
and at night there was a slight rigor. On February sth 
there was sudden severe hemorrhage, and about a 
pint of blood was lost. Soon after the hemorrhage 
the patient died suddenly. 

At the autopsy the free ends of the lingual arteries 
were found, unclosed, in the slough. 


Hzemorrhage is more likely to occur if the vessels 


are severed and the coagulated tissue excised, as in 
the case above described. If the vessel, with its 
cauterised walls, has the support of surrounding 
coagulated tissue, hemorrhage is less likely to occur, 
but there is always risk of it when the slough is 


On February 4th the patient felt drowsy, 
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Section VI. 


Treatment of non-malignant growths by diathermy. 


Cauterisation by diathermy is an excellent method 
of destroying certain forms of non-malignant growth, 
and for some it is unequalled, and may, in time, 
displace other methods. 

The method of performing the cauterisation, the 
choice of end-pieces, regulation of the current, etc., 
are the same as for malignant growths. 

- The forms of growth for which it has been found to 
give better results than those obtained by other 


FIG. 38. —Electrodes used for cauterisation of fibroma of naso-pharynx. 


methods, either in all cases or in “Bessel examples 
will now be described. 

1. Fibromata in the naso-pharynx.—The severe and 
often fatal haemorrhage which accompanies surgical 
excision ofthese growths by the knife suggests that 
diathermy might be a successful method of treatment. 


a rg te 
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separating, especially if the separation is manually 
aided. | | 
Broncho-pneumonia is a complication which has 


One case of this kind has been treated at St. Bar- 
tholomew’s (Case 26). It was uuder the care of Mr. 
Rose, who has kindly allowed me to report it. On 


ee 


followed some of the cases of malignant growth 
cauterised by diathermy. It is, of course, not peculiar 
to diathermy, and it oe no feature peculiar to the 
new method.. 


account of the severe hemorrhage that occurred 
when a needle was embédded in the growth, a special 
electrode was designed. It is shown in Fig. 38. An 
ebonite rod, 4 mm. in diameter and 1o cm. in length 


) 
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—straight, for passage through the nasal cavity, or 


curved, for passage under the soft palate, is provided 


with a metal core for conducting the current. One 
end of the metal screws into the metal core of the 
usual handle (not shown in this Fig.), the other 
end is fixed to a metal disc secured on the end 
of the ebonite rod. This disc bears a very 
short projecting point which serves to anchor 
the free end of the electrode and prevent its 
movement off the surface of the growth if the patient 


should move his head at the moment of passage of : 


the current. | 
Case 26.—J. S., zt. 14. (Mr. Rose’s case.) A 


fibroma of the naso-pharynx had been removed by 
surgical operation on a previous occasion, but it had re- 


curred, Diathermic cauterisation was then performed. 
A general anesthetic was administered. The in- 
different electrode was placed on the chest. The 


active electrode was passed through the nasal cavity 
into the growth. The first attempt at diathermy had 
to be abandoned, because profuse haemorrhage ~ 


followed the insertion of the needle end-piece of the 


active electrode (which was used on this occasion) into - 


the growth. On the second occasion the electrode 
shown in Fig. 38 (a) was used. A current of 1:2 
amperes was allowed to flow for thirty seconds. It 
was noticed that if the current was switched on at 
once in full strength (following the method originally 
demonstrated by Nagelschmidt at St. Bartholomew’s, 
the patient’s head jerked, thereby rendering a move- 


ment of the unseen end of the electrode possible. 


For this reason the current strength was started at 
zero and gradually increased. After the current 


had passed for thirty seconds it was stopped and the 


end of the active electrode was placed in another 
position on the growth and the current again allowed 
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to flow for the same time. The process was again 
repeated, and in this way various parts of the growth 
were coagulated. It was then felt to have become 
very hot. . ; : 
Another series of applications was made two 
months later, and a third series four months after the 
second. On the third occasion the growth was 


- reached from under the soft palate by means of the 


electrode shown in Fig. 38 (8). | : 

The remains of the growth sloughed away almost 
completely after the last operation, and when the 
patient was last seen (one year afterwards) there was 
avery small remnant visible and the symptoms of 
obstruction had disappeared. | 

The patient .did not stay in hospital for more than 
two or three days after each operation and there was 


“no rise of temperature, except on one occasion, when 


it reached 100% F. There was no post-operative 
shock on any occasion. : 
2. Papillomata of the urinary bladder. — High- 
frequency currents have been used for the destruc- 
tion of papillomata of the bladder since 1912. Their 
use for this purpose was originally suggested 
by Edwin Beer, of New York, who, later, made 
reference to 187 cases treated in this way, chiefly by 
American surgeons. E. S. Judd (Journ. Amer, Med. 
Assoc., Nov. 16, 1912) described seventeen cases. 
Andrew Fullerton (Brit. Med. Journ.., Nov. 14, 1914) 
described two cases. In the Clinical Journal of 
April 15, 1914, is a description of a demonstration by 
Frank Kidd, at the London Hospital, of the treatment 
of acase. For all these cases the destruction of the 
growths by the high-frequency currents was brought 
about in a way not precisely the same as that already 
described, and a different type of high-frequency 
current was used. The tip of the active electrode 
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was placed, not in contact with the papillomata, but at 
a little distance away. When the current was started 
a stream of sparks bridged the gap and shrivelled the 
portions of growth on which they impinged. By this 
method the cauterisation is caused by the intense Heat 
of the sparks, whereas by the other method it is caused 
by the much lower protein-coagulating heat generated 
in the growth when the current traverses the latter 
and overcomes its resistance. The original method 
of cauterisation by sparks is not, strictly speaking, a 
diathermy method, because the placing of a gap in che 
circuit introduces a very high resistance and therefore 
lowers the amperage of the current and its power to 
generate heat within the tissues along its path. oN 
high E.M.F. is required in order that the current may 
overcome the resistance of the gap. The apparatus 
used by Frank Kidd and Andrew Fullerton was a 
portable high-frequency current generator, made by 
Loewenstein, of Berlin. It was demonstrated by the 
latter at the International Medical Congress held in 
London in 1913 (Urological Section). | 

By means of diathermy it is possible to raise the 
temperature of these growths until they coagulate. 
This method of destroying papillomata of the bladder 
yields excellent results. Mr. W. Girling Ball has 
treated many cases at St. Bartholomew’s Hospital | 
N o ill effect, local or general, has followed the pene 
tion, and no recurrence of the growths has been noted. 

An irrigating cystoscope, provided with a channel 
fora ureteral catheter isrequired. Along this channel 
the active electrode is passed. The electrode is made. 
of springy wire, bearing at one end an acorn-shaped 
platinum tip. It is covered, except at the tip, by an 
insulating waterproof material. It is connected by 
a cable to the diathermy machine. ) a 

The following method is used by Mr. Ball. An 
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anesthetic is administered if the growth is large and it 
is desired to destroy it atone sitting. If the growth is 
small, or if large growths are to be treated in portions 
and the sittings repeated, no anzesthetic is required. 
The bladder is first irrigated and washed clear. It 


is then filled with water. A papilloma is brought into 


view and the electrode is manipulated until its 
platinum tip makes contact with the pedicle at its 
origin. Ifthe latter is hidden from view by overlying 


- fimbrize, the tip of the electrode must be brought into 


contact with these first. The current is started and 
gradually increased. The tissue in contact with the 
electrode is observed to whiten from coagulation. 
_The current is switched off when the tissue whitens 
or comes away, as it frequently does. : 

If the base of the pedicle is hidden from view by 
the stalk or fimbriz, the overlying parts are first 
coagulated. : 7 

After a few applications of the current the water 
in the bladder becomes cloudy. At this stage 
irrigation is repeated. Coagulated portions of the 
papilloma escape with the irrigating fluid. The 
bladder is then refilled with water and the current 
re-applied to remaining parts of the growth or to 
other papillomata. | 

A small area of the mucous membrane around the 
base of each papilloma is also cauterised. 

If it isnot possible to treat all the papillomata at one 
operation, an interval of not less than fourteen days is 
allowed to elapse. The process is then repeated. 

A smooth scar is left on the site of the operation. 

For a few days after the operation small sloughs 
separate and escape with the urine. Occasionally a 
little bleeding occurs when the separation is taking 
place at the base. The patients seldom require to be 
kept in bed for longer than forty-eight hours. 
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There has been no recurrence of Symptoms or re- 
appearance of growth in any of Mr. Girling Ball’s 
cases, In which examination at intervals was subse- 
quently made. The longest period during which 3 
case was kept under observation was about six years, 


3. Lreatment of nevi by diathermy.—A nzevus can 


be heated by diathermy so as to cause coagu- 
lation of the vessel walls and the tissues lying 
in between the vessels: To coagulate the blood 


a stronger current than that sufficient to cauterise the 


fixed tissues is necessary, because the moving fluid 
may pass out of the heated region before its temper- 
ature rises to coagulation point. I have not been 
able to coagulate the blood of a nzevus without at the 
same time cauterising the overlying skin or mucous 
membrane and the intervascular tissue when present. 
If a cavernous heevus is treated by diathermic cauteri- 
sation, and a disc end-piece placed on it without punc- 
turing the skin, the latter will be destroyed even before 


the blood is coagulated.. If a needle end-pieceisinserted 


into the nevus, the skin for some distance around the 
needle will also be cauterised.* Large sloughs are 
likely to form. For this reason treatment by diathermy 
of cavernous navi on the exterior of the body 
especially of uncovered regions, offers no advantage 
over treatment by electrolysis, when the latter can 
effect a cure. If, however, electrolysis and other 
methods of treatment have failed, or are thought 
inadvisable, diathermy may be tried. Two electrodes 
each terminating in a needle end-piece, are used and 
each 1s connected to a terminal of the diathermy 
machine. The needles 5 inserted at opposite ends 
* Needles insulat i ich i ; i i 
and will ot come off when trust through the skin, might protaet the 
; ch needles are not made at the present 


time, though ir: | | j i i 
ae ate their usefulness for the object in question, and others, is 


_ patients. 
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of the nzevus, and pushed forward in the same straight 
line, so that their points advance towards each other 
but do not touch. The current is started and 
cautiously increased. The operator's finger tip is 


placed on the skin over the nzevus and judges the 


temperature. If the skin is felt to become very hot 
the current is reduced. The current should be 
allowed to flow for five minutes. : 

The strictest precautions must be taken against 
sepsis. This complication is not easy to avoid in the 
case of nevi situated in the scalp of hospital out- 

Whena neevus lies ina mucous membrane diathermy 
is particularly suitable, and it can be destroyed usually 
at one sitting, even if it is of large size. Healing is 
more rapid than is the case with navi under the 


skin. 


| have found it very efficient for nzevi of the tongue, 
lips, pharynx and buccal mucous membrane. After 
healing it is often difficult to realise that a nevus 
formerly existed, or that any operation had been 
performed. : 

The following case (No. 27) was one for which 
surgical treatment was considered inadvisable. Treat- 
ment by electrolysis had failed. 

This case is of interest, as it was the first in this 
country to which diathermy was applied. It was 
one of the three treated by Nagelschmidt, at St. 
Bartholomew’s Hospital, on October 21st, 1910. 

CasE 27.—E.G., et. 17. A very vascular pulsating 
nzevus was present on the right side of the tongue 
and floor of mouth. Electrolysis had been tried 
previously without success. On October 21st, 1910, 
the patient received a- general anesthetic and the 
nzvus was coagulated by diathermy, without loss of 
blood. A large slough formed and separated ten 
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days later and healing was complete four weeks after 
the operation. . a 
Four years later (October, 1914) the patient came 
to hospital again, saying that she had noticed some 
patches of nevus in her mouth. On examination it 
was seen that there was a small mass of nevus, the 
size of a small bean, on the right side of the tongue, 
and two small patches of nevus, one on the tonsil, 
the other on the wall of the pharynx. Except for the 
patch of nzevus the tongue and floor of mouth in the 
situation of the original nzevus was quite normal in 
appearance. | ae 
On October 7th, 1914, the nzevus on the side of the 
tongue was transfixed with the single needle electrode 
and coagulated under local anzsthesia. The slough 
separated, and by October 26th the part had com- 
pletely healed, leaving no trace of nevus. The other 
patches were treated similarly, with equally good 
results. | ( 
The next case shows the power of diathermy to 
prevent the recurrence of bleeding when other methods 
had failed. : Ae 
Case 28.—E. L., wt. 17. (Mr. Harmer’s case.) This 
patient had an extensive nzvus in the right wall of the 
nose, in the skin and mucous membrane. _She had 


suffered from severe haemorrhage from the nose on - 


different occasions, and had been under treatment at 
intervals since the age of five. The facial artery and 
the external carotid artery had, on different occasions, 


been ligatured, but without avail. During some of 


the attacks the hemorrhage was furious, leaving the 
patient nearly completely blanched. One of these 


_ attacks occurred in hospital and was actually seen. 


The last attack occurred in May, 1914, and the blood 
escaped from a channel in the septum in the region 
of the septal artery. The hemorrhage was temporarily 


F 


ea Le ee ea 


THE USE OF DIATHERMY IN SURGERY 179 


stopped by pressure. This part was then cole 
Pe heony (ih May, 1914). Up to the presen 


time there has been no further bleeding and the 


ks. 

a ee ee - diy . buccal surface 
:. a, in. in diameter and ee 
bout ‘¥, in. from the surface. Under clas e 
ee it was coagulated, using an electrode ie a0 
a single needle. The lip swelled Rene hae 
regained its usual size In three ys Pie 
separated and the mucous membran ne 
twenty-one days.. No trace of neevus wa : 


Srcrion VII. 


bid tissue by 
ent of other forms of mor 
ee diathermy. 


There remains for consideration the uss ss 
diathermy for the cauterisation of other me a 
ditions for which it has, up to OF Paes a ny 
try. Amongs 
e used in this coun 
| a of the skin and mucous membranes, enlaree 
tonsils, heemorrhoids, adherent soft palate, a 
’ | 
nechie. 3 
i 1. Tuberculosis of the skin.—The power of ee 
areal i ll or large masses, 
coaculate tissue In sma 
i: He taries and lymphatics, the quickness te 
eration, and the smooth, non-adherent scars ; 
Pieste that the method should receive an selegs 
trial 1 f lupus. I have not seen 
lin the treatment Ol | ye NO 
. of cases treated by diathermy in this ee 
treated forty-two cases, he 
ut Nagelschmidt has / 
ee that diathermy is a particularly ae 
method. In his Lehrbuch, photographs are ; ile 
(pp 298-303) of six cases, before treatment and a 


treatment and subsequent healing. : 
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In one case there were several nodules behind the 


ears, and on the cheeks of both sides and under the 
chin. One application of diathermy was made under 
general anzesthesia. After healing, a smooth scar was 
left, and it is stated that there was no re-appearance of 


lupus. Judging by the photograph, the result was 


_ excellent. 

In another case there were lupus nodules on the 
right cheek, inside and outside the nose, fistulee, and 
abscesses at the edge of the mandible. Thesame case, 
four years after treatment by diathermy, showed scars 
in the site of the original disease and no apparent 
nodules. In another case, tuberculosis had affected 
the skin and bone of the thumb. In spite of amputa- 
tion, there was recurrence on the stump and the skin 
of the hand. The lesions were destroyed by one 
application of diathermy and no recurrence was 
noted as late as four years after, | 


Details of the cases and of the method of applying — 


the diathermy are not given in the Lehrbuch. 


I have treated two cases of lupus by diathermy. — 
_ Particulars of these and the method adopted are 
_ described below. 
CasE 30—A. R., et. 40. Anumber of nodules were | 


present in the skin overlying theright maxilla. After 
producing local anesthesia a needle was passed into 
the centre of a nodule, in a direction at right angles to 
the skin. The current was increased very slowly, 
three minutes elapsing before coagulation reached the 
boundaries of the nodule. (If thecurrent is increased 


quickly the tissue in contact with the needle dries and © 


sparks appear before coagulation spreads to the 
extremities of the nodule.) The coagulated tissue 
sloughed away, leaving a small ulcer, which healed 
after 10 days. The remaining nodules were treated 
in a similar manner at subsequent dates. The ulcers 
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healed and left smooth scars. A patch of keloid 
developed on the scar left after the first ulcer had 
healed, but not on the otherscars. There was no re- 
appearance of lupus, 9 months later. 

Nagelschmidt draws attention to the likelihood of 
the development of keloid after diathermic cauterisa- 
tion localised to the skin, and says that it can be 
prevented by applying pyrogallic ointment to the 
ulcer left after cauterisation. 

CasE 31—et. A single nodule, measuring {in., 
was present on the summit of the shoulder. It was 
treated in the same way as Case 30, after procuring 
local anesthesia. The ulcer left after cauterising the 
lupus healed, leaving an erythematous scar. The 
erythema gradually faded. Nine months later there 
was no evidence of lupus. A pale, soft, unwrinkled 
scar was left. | 

Tuberculous ulcer of nasal septum.— The patient 
(adult male) had a tuberculous ulcer on the lowermost 
part of the septum ofthe nose; the ulcer extended on 
to the adjacent part of the upper lip. It measured 
din. by rein. Immediately above the ulcer was a small 
granuloma. The base and edges of the ulcer and the 
granuloma were cauterised, after procuring local anzs- 
thesia, by the same method as that described above. 

The cauterised parts sloughed away and the residual 
ulcer healed. Four months later a minute ulcer was 


noticed by the patient on the septum in the uppermost 


part of the scar. ‘This was cauterised by diathermy, 
and healing took place. Nine months later a very 
small ulcer was seen in the same situation. Elsewhere 
the scar was healthy. The ulcer was again cauterised 
by diathermy. The portion of the scar on the lip has 
remained healthy ince the first cauterisation, #.¢., fora 
period of thirteen months. | 
The ulcer had received several applications of ionic 
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treatment before the diathermy, but could not be made 
to heal. The patient suffers from quiescent pul 


monary tuberculosis. 
Treatment of lupus by diathermy should be given 


an extended trial in order to ascertain the cosmetic 


effects after a long period, and the permanence of the 
cure, and so confirm the claims of Nagelschmidt. 


‘Infected bone and cartilage can be destroyed by 


diathermy without difficulty. 


When small end-pieces, such as single needles, are 4 


used for the destruction of tuberculous or any other 
form of morbid tissue, care must be taken to insert 


them to a correct depth and in every part, andtocon- 


tinue the destruction into adjoining healthy tissue. 


If a small island of abnormal tissue is left healing 


will not be permanent. 


2. Adherent soft palate.—The fact that the new tissue 


replacing that destroyed by diathermy does not form 
adhesions with parts in contact, suggested to Mr. 
Harmer the use of diathermy for treating cases of 
adhesion of the soft palate to the pharyngeal wall 
Two cases were tried, one a boy, zt. 7, another a man, 
cet. 28. The small blade end-piece was used. 

The adhesions, however, re-formed, and there was 


no improvement in the patients’ conditions. The 


failure was due, I think, to the fact that the parts 


were allowed to remain in contact during healing of | 


the ulcers left after separation of the sloughs. Further 
trial should be given to diathermy, and the precaution 
.. should be observed. 

Excision of enlarged tonsils by diathermy —The 
neice cautery was applied to three cases of 
enlarged tonsils by Mr. Gillies, at St. Bartholomew's, 


on January. 15th, 1915. «In one of these the fone, 


were transfixed at the base by the needle end-piece, 
and coagulation was produced around the latter. The 
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needle was re-inserted in three other directions and 
coagulation repeated. The tonsils, however, did not 


separate. It seems likely that sufficient coagulation 
is not readily produced by this method. The patient, 
a boy of seven, complained of no pain afterwards, and 
he could swallow without difficulty. He was kept 
under observation in hospital. 

In the second case the tonsils were excised by the 
blade end-piece without bleeding. The patient, a boy 
of four, was taken home after recovery, and his mother 
stated that he complained of no pain or difficulty in 
swallowing, She said that there had been a little 
bleeding on the day after the operation. 

In the third case the blade end-piece was used and 
the tonsils were excised without bleeding. The patient, 
a boy of fourteen, was taken home after recovery and 
was not brought to hospital again. 

The excision method seems to be the most effective 
method of removing tonsils by diathermy. I used 
the five-prong end-piece on a case of enlarged tonsils 
on August 28th, 1913, with the object of coagulating 
them in situ and allowing them to separate spontane- 
ously later. The patient was a girl of seventeen. The 
neck became greatly swollen soon after the diathermy. 
The tonsils were not destroyed completely, although it 
appeared, at the operation, that coagulation of the entire 
mass had taken place. 

- Ina discussion on Surgical Diathermy (v. Proc. Roy. 
Soc. Med., Vol. XI, No. 9, Section of Electrothera- 
peutics), Dr. Dan McKenzie stated that he had 
destroyed enlarged tonsils in adults by diathermy, 
leaving intact faucial pillars anda smooth scar. There 
was no hemorrhage, and Dr. McKenzie said that this 
method might come to be more extensively employed. 

4. Synechie.—Mr. Norman Patterson, in the dis- 

cussion above referred to, stated that he had found 


a 
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cauterisation by diathermy an effective method of 


destroying these adhesions. Their re-formation is 
apparently prevented. 


Section VIII. | 


Cauterisation by sparks from diathermy machine, _ 


‘lf a narrow gap is left in the circuit conveying the 
diathermy current, a torrent of thick flame-like sparks 
passes across. If the circuit includes the body, and 
if the gap is situated between the skin and a metal 
electrode, the sparks will shrivel up and burn the 
tissue on which they impinge. I used this method for 
destroying nevi in 1913. The sparks instantly 
destroyed capillary nevi in the skin, but the method 


was ineffective for subcutaneous cavernous nevVl.- 


Cauterisation by sparks is an extremely effective 
method of destroying warts, moles, papillomata, 
pigmented areas, etc. The best way of applying the 


treatment is to place the patient on a condenser couch | 
like that shown in Fig 19, p. 73.. One terminal of the - 


diathermy machine is connected to the plates under 
the couch. The other terminal is connected to a 


cylindrical metal handle, which is grasped by the 


patient. The current is started. If now a metal rod. 
held by the operator, is brought very close to the 


growth, a shower of sparks passes on to the latter. 


The spot on which the sparks fall instantly whitens, 
and ifthe metal rod is not at once moved out of range 
it is charred. This method of applying the spark 
cautery is better than that first described, because it 
can be tolerated without an anzesthetic, and there is 
not the contraction of underlying muscles which often 
occurs when the body is included in the main diathermy 
current. When the body is placed on the condenser 
couch jit is charged alternately, positively and 
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negatively, the polarity changing with the same 


| frequency as that of the currents provided by the 


diathermy machine. If an earthed conductor, viz., 
the metal held by the operator, is brought very near 
the body, part of the charge on the latter passes off 


to earth by way of the conductor. The sparks are 


less intense when the condenser method is employed, 
and the cauterisation spreads at first for the shortest 
distance beneath the surface, but the tissue on which 
the sparks fall dries at once and shrinks, and then the 
destruction can be continued further. 

This method of destroying tissue by electric sparks 
is, in principle, the same as another in which, instead 
of the diathermy machine, the original type of high- 
frequency apparatus was used. With the diathermy 
machine the sparks are shorter and thicker and can 
be directed accurately on to the exact spot required. 
With the longer sparks of the high - frequency 
apparatus this exact localisation is not easy. 
Turrell, of Oxford, first used the diathermy machine 
for this purpose in place of the original high- 
frequency apparatus. The term “fulguration” 1s 
sometimes used for this method of destruction by 
sparks. The active electrode may be a narrow metal 
rod, 1 mm. thick, with its end rounded. A needle 
may be used if the cauterisation is to be very exactly 
localised; it can be mounted in a holder, and the 


operator’s hand must be in contact with the metal to 


which the needle is connected. The operator must 
not touch the patient or any metal part of the couch. 
To steady his hand he may rest it on an insulating 
rod (ebonite or glass) supported at one end on the 
couch or elsewhere, and held by his other hand at the 
other end. The current is started, and the handle 
which regulates the diathermy current is moved a 
little way from zero, and the length of the cauterising 
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spark tested by bringing the electrode close to the 
metal handle which the patient holds. Cauterisation 


should be started with a spark about 1 mm. long, | 
or less, if the part to be destroyed is sensitive or 
situated on a sensitive region. The electrode is 
brought up to the growth sufficiently close for the — 


passage of sparks. Directly the sparks pass it is 


moved out of range, and then again brought to spark- 


ing distance of an adjoining spot. In this way the 
whole surface is cauterised. ‘The sensation is that of 
a prickling burn and is somewhat painful. For this 
reason the sparks are allowed to pass only for a 
moment. After the skin has been destroyed further 
application will cause less pain, and the sparks can be 
tolerated for a longer time, two or three seconds or 
longer, and cauterisation can, by this longer applica- 
tion, be continued to a slightly greater depth. By 
increasing the length of the spark the cauterisation 
can be carried still deeper. As a rough guide, it may 
be said that the length of the spark used should be 
equal to the depth to which it is desired to destroy 
tissue. The repeated application of long sparks 
causes the tissue to dry, and minute channels per- 
forate it. The sparks transilluminate the dried tissue 
as they pass through. : 

_ Ifthe tissue to be destroyed is insensitive to pain, 
longer sparks may be used from the outset. 

The cauterised tissue is rendered dry, shrunken 
and hard. It gradually separates in the form of a dry 
scab. The new tissue does not shrink and asmooth 

The longest period for which a case, cauterised by 
sparks, has been under observation, has been twelve 
months. At the end of this time the scar was still 
smooth, soft and unwrinkled. : 

If the growth projects from the surface it can easily 
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be removed by gentle pressure after it has been 


dried and hardened by the sparks. If necessary, the 
cauterisation can be continued below the surface. 


Growths and morbid conditions suitable for cauterisa- 
a ~ tion by diathermic sparks. 


Heating by means of sparks is not, strictly speaking, 
diathermy. ‘The air gap across which the sparks pass 
offers a high resistance, and the current is therefore 
made too weak to generate heat in its passage through 
the body. The destruction of the tissue is due to the 
bombardment by the sparks, that is, to air rendered 
incandescent by the electric discharge. | 

The surface of the tissue is rendered dry by the 
heat and becomes a bad conductor. The electrode 
can then be placed in contact with the dry tissue 
without the intervention of an air gap, and sparks 
will then pierce the dried part and cauterise the 
tissues lying immediately underneath. As the dried 
tissue becomes thicker the sparks must be made 
longer. In this way cauterisation can be carried 
more deeply. Beyond a certain depth, however, 
which is determined by the length of the spark, 
cauterisation cannot be produced. It is, therefore, 
only for growths of the skin, and ulcers and morbid 


‘conditions, which do not extend more than a short 


distance below the surface, that cauterisation by sparks 
from the diathermy machine can be applied with 
prospect of success. 

1. Papillomata of the skin.—I have treated a large 
number of these, and the results have been uniformly 
satisfactory. No anesthetic was required, except in 
one very nervous patient. One of the largest papillo- 
mata which I have treated is shown in Fig. 39. It 
measured + in. by $ in. at its base, and it projected ¢ in. 
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from the surface. The result of the treatment is shown 
in Fig. 40. The growth has not reappeared. | 

Senile warts.—These, if small, can be destroyed | 
usually by one momentary application of the sparks. — | 
Figs. 41 and 42 show a case before and after treatment. 8 
_ The patient was a girl of ten. The warts were on eS "i : 
the left side of the neck and varied in size from a aA 
currant to a pin’s head. | 2) 

Fig. 42 shows the result. This figure is on a larger WW | 
scale than the preceding. The arrows indicate the 
position of the residual scars, which are scarcely te ; 
visible. No anesthetic was used for this case. __ a 

Warts.—TVhese can be easily destroyed, whatever | 
a their size, by the sparks. I reserve this treatment for We | cl 
i flat warts, and use the zinc needle and electrolysis for | 

pedunculated warts, although the latter can be as ae 
effectively removed by the sparks. I have found | 
cauterisation by sparks effective in destroying warts Wee 
which have resisted every other form of treatment, ee i 
and they have not re-appeared. | an 
Fig. 43 shows the warts on the hand of a girl of | | 
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isation by sparks from diathermy 


months after cauter 


Fic. 40.—Same case as that shown in F 
machine. - 


isation 


twenty-two. Fig. 44 shows the result after cauteris- ol 
ation by sparks from the diathermy machine and ain 
subsequent healing. | | 

Pigmented areas of skin.—These require the applica- Wl 
tion of long sparks. Short sparks are used first to 7h 
cauterise thesurface,andthe cauterisationiscontinued, = | . 
: layer by layer, with sparks of increasing length. The oak o 
| first case which I treated was a girl oftwenty. On her ) | 
left cheek was a dark brown pigmented area, ¢ in. by 
Yin., bearing numerous hairs. The cauterisation had | 
to be repeated on several occasions because sparks of ae 
insufficient length were used, and, after healing, some | 
pigment remained. There is now a minute spot of 
pigment remaining, and the original area is now 
occupied by a slightly erythematous unwrinkled scar, 


by sparks. 


FIG. 39.—Papilloma of left temple before cauter 
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41.—Senile warts before treatment by sparks. 


) 


FIG. 42.—Same case as that shown in Fig. 41, three months after 
_ cauterisation by sparks. (This figure is on a larger scale than 


Fig. 41). 3) : : : 
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| 

FIG. 44.—The same hand as that shown in Fig. 43, after removal of | 
warts by sparks from diathermy machine. : % il 
| 
| 
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Except for the pigmented spot mentioned, there is now 
no discolouration and this condition has remained for 
twelve months. 

Another patient had a circular/black pigmented area, 
in, in diameter, on the cheek under the left eye. 
This was cauterised by sparks. Five applications 
were made. When healing was complete after each 
treatment a small amount of pigment remained, but it 
diminished, and after the last treatment all apparently 
was destroyed. Two months have elapsed without 
recurrence. | | 

In both of these cases a longer period must elapse 
before a statement can be made on the permdhence of 
the effects. Very thorough and complete sparking is 
required. Minute areas can easily be missed during 
the treatment.. Probably a surer method of destroying 
the pigmented skin would be cauterisation by the 
diathermy current, without sparks. When the sparks 
are used, however, the parts usually remain dry during 
healing, whereas after diathermic coagulation, an open 
ulcer is formed, and until the latter is healed there is 
the possibility of infection. 


INDEX | . 


Adherent palate, 182 
Amperemeter, 28 
Anesthetic, 136 
Arteries, diathermy near, 143, 
144 ie 
Arterio-sclerosis, 95 
Arthritis, gonococcal, 113 
rheumatoid, I19 
osteo-, I19 
Artisan’s cramp, II9 


Bladder growths, 143, 173 


Blood pressure and diathermy, - 


44, 96 - 
Bone, diathermy of, 144 
Brachial neuritis, 93 
Breast growths, 157 
Broncho=pneumonia, 170 


Capacity, II 
unit of, 12 eee’ 
Cauterisation by diathermy, [21 
by Paquelin, 121 
Cervix uteri, 160 
Chilblain circulation, 119 
Complications of. diathermy, 
146, 147, 168 
Condenser couch, 71 
for diathermy machine, I8 
discharge of, 8 
electrodes, 76 
Conduction, heating by, I 


Damped oscillations, 12, 22 
D’Arsonval, 5 
apparatus,1I3 
Diathermy and body tempera- 
ture,52 
care of machine, 39 
coagulation of tissue, I2I 
censtruction of machine, 18 
current for machine, 19 
depth of coagulation, 131 - 
experiments on animals, 50 


from high-frequency machine, 


36 | 


Diathermy, heating by, 41, 43 
heating of deep parts, 61, 62 
history of, 5 
influence on blood pressure, 44 
influence on pulse, 46 
influence on respiration, 49 
influence on vascular system, 


43 
machine by Dean, 29 
Medical Supply Associa- 
tion, 30 
Schall, 32, 33 
Siemens, 24 
Watson, 34 
meaning of, I 
medical (see “Medical Dia- 
thermy ’’) 
path of current, 50 
physical effects of, 41 | 
principles of production, 3 
spark-gap, 18 | 
surgical (see “Surgical Dia- 
thermy ”) 
test of machine, 40 
working of machine, 21 


Edge effect, 63, 69 
Effleuve 38 
Electrodes, 65 
application of, 66 
choice of, 136 
condenser, 76 
dry metal, 67 
end-pieces, 125, 129 
handles, 125, 126 
laryngeal, 127 
medical, 65 
on feet, 70 
on joints, 69 
position of, 68 
pharyngeal, 127 
rectal, 76 
sizes of, 71 
surgical, 125 — 
vaginal, 76 | 
End-pieces, 125, 129 
Enlarged tonsils, 182 
Epididymitis, 117 
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Farad, 12 
Fibroma, 171 
Fulguration, 183 


General diathermy, 74 
Gonococcal infection, 112 
arthritis, 113 
cervicitis, 115 
epididymitis, 117 
orchitis, 117 
urethritis, 115 
Growths, non-malignant, 171 
of bladder, 143, 173. 
of breast, 157 
of cervix, 160 
of mouth, 149 
of throat, 149 
of tongue, 150, 153 
bost-cricoid, 154 


Hemorrhage during diathermy, 


ne 146 

alter diathermy, 16 

Hzemorrhoids, 10 : 

Henry, 12 

Herpes, 118 

Hertzian ‘waves, 2I 

High-freq uency currents, origi- 

nal use of, 3 | 
conditions determining fre- 
quency, 10 

oscillation frequency, 8 
Principle of production, 8 
production of, 13, 14 


J oule’s law, 2 
Joints (sce “ Arthritis”) 


Keloid, 145, 181 


Lewis Jones, 7 
Lupus, 179 


Medical Diathermy for. artero- 

sclerosis, 95 
arthritis (see “ Arthritis”) 
artisan’s cramp, II9. 
chilblain circulation Tig 
feet, 70 bal 
fonococcalinfection, 1 

113, 115, 117. ge 

hemorrhoids, IIo 
herpes, 118 


Medical Diathermy for 
high blood pressure, 96 
joints (sce “ Arthritis ”» 
low temperature, 80 _ 
metatarsalgia, 105 
neuralgia, 119 
neuritis, 84 
Raynaud’s disease, 119 
rectum, 76 
rheumatoid arthritis, 119 
SClatica, 85, 88 
Vagina, 76 

Metatarsalgia, 105 
Microfarad, 12 
Motor generator, 19 
Multiple Spark-gap, 36 


Nevi, 176 

Nagelschmidt, 6 
Neuralgia, 118, 119 
Neuritis, 84, 87, 90, 93 
Non-malignant growths, 171 


pees 144, 145 
ophageal growths 
Orchitis, 119 : sb 
scillation, conditions d 
mining duration, If Py 
conditions determining fre- 
quency, Io 
damped, I2, 22 
undamped, 12 
Oscillator, 21 
Osteo-arthritis, 18 Ke) 


Palate, adherent, 182 
Papilloma of bladder, 173 

of skin, 187 é 
Paralysis agitans, 108 
Pigmented skin, 188 
Post=cricoid Stowth, 142, 154 


Radiation, heatin b 
Raynaud’s disctze 6 : 
Regulation of current, 67 
Resonance, 21 } 
Resenator, 20 
Respiratory quotient, 49 
Rheumatoid arthritis, 119 
Rodent ulcer, 163 : 


& 
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Schall’s machine, 7, 32, 33 
Schittenhelm couch, 72 
Sciatica, 85, 87 
Self-induction I0, If 
unitof, 12 - 
Sepsis, 147, 168 
Septic broncho-pneumonia, 147 
Siemen’s machine, 7 
Size of electrode, 71 
Skin effect, 60 
Solenoid 14 
resistance of, 16 
Spark~<gap, care of, 40 
for diathermy, I8 
in Siemen’s machine, 28 
in Watson’s machine, 35 
Lepel’s, 32 i 
Medical Supply Associa- 
tion, 3I 
multiple, 36 
Sparks, cauterisation by, 184 
Static transformer, 19 
Surgical diathermy, 121 
anesthetic, 136 
adherent soft palate, 182 
bladder, 180 
bleeding during, 140, 147 
after, 147, 169 
of bone, 144 
breast, 157 
and broncho-pneumonia, 170 
cases suitable, 123 
causes of bleeding, 140 
complications, 146, 147, 168 
cervix uteri, 160 
depth of coagulation, 131 
electrodes, 125 
effects following, 144 
enlarged tonsils, 182 
experimental, 130 
fibrema, I7I 
general effects, 145 
hzemorrhage during, 140, 147 
after, 147, 169 
keloid, 145 3 
local effects of, 145 
lupus, 180 
. malignant growths, 136 
‘mouth, 149». :- |: 
non-malignant growth, 171 
nevi, 176 
oedema during, 144 


Surgical diathermy, cesophagus, 
142 
papilloma of bladder, 173 
of skin, 187 
pigmented skin, 188 
post-cricoid growths, 142,154 
practice of, 138 
principles of, 124 
prolongation of life, 148 
regulation of current, 138 
rodent ulcer, 163 
sepsis, 147, 168 
shock, 145 
throat, 149 
thrombosis, 169 
tissues to avoid, 143 
tongue, 149-152 
tuberculosis, 179 
vessels, 142 
warts, 183 


Temperature, effects of dia- 
thermy on, 4I, 52 
diathermy for low, 78 
Tesla, 5 : 
Thermo-penetration, 3 
Thrombosis, 169 
Tonsils, enlarged, 182 
Transformer, static, 19 
Transthermy, 3 
Tuberculosis of skin, 179 
Tuberculous ulcer, 181 


Ulcer, rodent, 163 
tuberculous, 182 
Undamped oscillation, 12 
Unit of capacity, 12 
self-induction, I2 _ 
Urethritis, 117 


Vacuum electrode, 77 

Vagina diathermy of, 76 

Vascular system, influence of 
diathermy on, 43 

Vessels, cauterisation of, 143 


Warts, 188 
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